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PEEFACE. 



The lectures composing this liook were originally 
delivered to a niised class of medical meu, and ad- 
vanced students, over a period of ten years, and after- 
n-ards published in. detached portions, and at varying 
intervals, in the Medical Times and Gaselle. Two of 
them only (Diabetes and Albuminuria) were sub- 
sequently reproduced 8e]iai'at«ly. 

The favourable manner in which the course was 
received, both by the gentlemen who honoured tlie 
class-room with their presence, and by the profession 
genei-aUy, when it had ae»umed tlie printed form, 
has induced the author to think that as he has now 
ceased giving oral instruction, the re-publication of the 
revised and enlarged lectures, in a single volume, may 
uot be entirely unacceptaUe to the younger membera 



L 



of the profeasion ; seeiug that as yet the fatilitiea 
for the study of PhjHioIogical and Pathological 
Chemiatry, aa applied to the Diagnoaia and Treat- 
ment of Constitutioual as well aa Local DiBeaaes, are 
but very imperfectly provided for them in the 
majority of our medical schools — a circumstance 
which every enlightened practitioner of medicine 
Cflnuot iail to deplore ; for, as was aptly stated in one 
of the annual editorial addresses to students (u) — 
"Chemistry has become a very important hand-maid 
to medicine, since there are few forms of disease to the 
diagnosis and treatment of which it may not in some 
way be made subserii-ient ; whilat for the due investiga- 
tion of others, as the entire class of urinary aflection«, 
it ia absolutely indiapenbable," 

Sa, Ha&ley Stbeht, Catehdisq StiniBE, W. 
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THE URINE A^D ITS DERA^"GEME^"T3 



DIAGNOSIS AXD TREATMENT OF 
CONSTITUTIONAL, ab ivell as LOCAL DISEASES. 



In beginning a course of lectuies OD the uiine, intended as an 
aid to the diagnosis and treatment of diseaie, the first question 
requiring an immediate answer is ; — 



Urine ie notMng more nor less than a collectiou of the 
liquid and solid effete products of the frame, and its composi- 
tian fluctuates in exact pTopoition 88 the pTocesses of life 
fluctuate. 

Consequently, it differs Terj- materially in different Epecies 
of animals, and even varies with the tut jing condiiiana of the 

The state of the urine haa, with justice, long been regarded 
as a key to the conililian of the body ; and hence we find that 
the Physicians of antiquity, like those of modern times, sought 
in the composition of the urine of their patients, a clue to the 
nature of the diseases under which they laboured, an indeic to 
their prognosis, and a guide to their successful treatment. 

It is true that uroscopic charlatanism has, more or less, in 
»U ages, laid human credulity under contribution, and thereby 
brought discredit upon, and retarded the adyan ce of legitim ate 






Bcience ; but this must not deler the honest Practitioner from 
reaping the ndvantages which (t knowledge of this eecretion 
atToriia. 

An examination of the urine not onl; enahlee ua to arriva 
at a CQrreet diagnosis of discasEB aUBckiog the urinarj organs 
tliemselvea, but in many caseB jieliia most important informa- 
tion regarding the nature of morbid changes occurring in other 
and distant parts of the frame. One must not, however, be 
led airay with the idea that tlio urine 19 the royal road to 
knowledge, or he will be doomed to diBappoiniment ; nor 
must we flatter ouracltea that ita etudy is an easy one, 
requiring neither previous preparation nor subsequent ap- 
plication ; for on the contrary, in order to make urologj bear 
fiuit, we require to employ in its cultiyation both perseverance 
and skill. 

It is not a little remarkable that tliia secretion, which 
inspires most of us with a feeling of aTersion, should not only 
have rendered incalculuhle service to clinical Medicine, and 
yielded hriilinnt diacoveriea to chemistry, but also solved many 
of the most abstruse problems In physiology. Notwithstand- 
ing all thia, it haa not done nearly us much as it might have 
done, nor as it ought to have done ; but this is owing )o no 
defect on its side, but in conaequence of its votaries having 
always been too eager to profit b; its pathology ere they had 
mastered the first rudiments of ita phyeiology. 

' In fact, until within the last -year or two, men haie been 
I conitanlly attempting to place, as il were, the pyramid of 

^ Medical science on ila apex inBtead of on its base, and the 

|| reaull has naturally been that they reaped little benefit from 
their labours. It seema, indeed, aa if they were only now 

' becoming alive to the all-important fact, that physiologjis 
the only true basis of rational M«dicine, and that in direct pro- 
portion as they adopt ita prineiplea will be the success of their 
labours in advancing the healing an. Such being the views 



I 



SOLID URINE, 3 

now held by the pioneers of clinical Medicine in all countries, 
you will readily understand why, before entering on the 
pathology of the urine, I first try to give you a succinct 
account of its physiology. 

It has been said that urine is nothing more than a collection 
of the effete products of the frame, and, consequently, that it 
differs in different species of animals. If we cast our eyes 
over the whole animal economy, we shall discover that all 
urines are not necessarily liquid ; on the contrary, we shall 
find that there are many species of animals that peiss solid 
urine ; and thus at the very threshold of our inquiry we per- 
ceive this secretion naturally dividing itself into two great 
classes — the solid and the liquid urines. 

Solid Urine, 

In all animals devoid of a urinary bladder, and in 
which the ureters open into the rectum, the urine is solid. 
Thus, for example, the ujrine of serpents is passed in a com- 
pact mass, varying, with the size of the animal, from that 
of a pea to that of an orange. Yet, notwithstanding tlie 
peculiar appearance of this specimen of lurine from the baa 
constrictor, it differs from liquid urine in only one particular 
— the absence of water. By the simple addition of distilled 
water to it I can produce as perfect a urine as that of the human 
being ; for, solid though it be, it contains all the urinary ingre- 
dients, — urea, uric acid, phosphates, etc. Here, for example, 
are two spatulas, on one of which I place a fragment of 
serront's urine, and on the other, some of the solids from 
evaporated human urine ; to each is added a couple of drops 
of strong nitric acid, and you observe that both effervesce. I 
now heat them over the flame of the spirit-lamp in order to 
drive away the excess of acid, and to their yellow- coloured 
residues add a drop of strong liquor ammonia, when instantly, 
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you perceive, both assume a magnificent purple tint. This 
colour is due to the presence of purpurate of ammonia, pro- 
duced by the action of the reagents on the uric acid contained 
in the urines. You observe, too, that the iirine of the snake 
— for it has become much more crimson than the other — 
appears to be the richest in that material. The uric acid of 
commerce is indeed almost entirely obtained from serpent's 
iirine ; consequently, these excrementitious masses sometimes 
cost as much as thirty shillings per pound. 

Hitherto in these lectures I have generally said that all 
reptiles have solid urines ; but, as this has occasionally led 
my hearers into a mistake, from the fact that, in common 
language, frogs and toads are reptiles, vtrhile, scientifically 
speaking, they do not belong to the class Reptilian I must 
mention that these animals have distinct urinary bladders, 
and possess liquid iirines. Frog's urine, for example, is a 
clear, transparent liquid, containing urea, phosphate of lime, 
chloride of sodium, and other urinary ingredients, just like 
human urine. The true reptile, on the other hand, has 
always a solid urine. Thus it is that the chameleon, which, 
like the serpent, is a true reptile, passes excrements containing 
urates, oxalates, phosphates, and, according to Kletzinsky, 
even xanthic oxide, — one of the rare urinary substances. Do 
not for a moment imagine, however, that solid urine is one of 
the characteristics of the lower animal. On the contrary, we 
meet with it even in the higher classes. Birds have solid 
urines. Guano — the excrement of the sea-fowl — is in great 
part urine, and besides the principle, guanine, contains urate 
of ammonia, oxalate of lime, and ammoniaco-magnesian 
phosphates. 

Again, we find solid urines throughout the whole insect 
tribe. The red excrements of the butterfly contain both 
urates, phosphates, and oxalates ; and so it is with the excre- 
ments of all other species of insects. We see, then, as was 



n the solid and the 



Haying made these remarks on solid, ws shall now 
inquire into the nature of the liquid urines. The liquid 
urines are found throughout the whole claas MammnHa, 
and present three sueh well-marked, varietiea, both as regards 
physical appearance and chemical composition, that it may be 
said diey naturally divide themsclres, according to the species 
of animal, into the three separate groups of carnivorous, 
herbtvoriius, and omnivorous urines. 

The urine of the fltst class (camirota) is characterised as 
beiug a clear, transparent, light-coloured liquid, possessing an 
acid reaction, and rarely depositing ajiything on cooling. 

The mine of the second class (herbivora), on the other 
hand, is recognised as being a dark -coloured liquid, with a 
strongly alkaline reaction, and depositing a copious sedimen 
within twenty-four hours after being passed. 

The urine of the third class (omniTora) lies, as it were, 
between the two. It ia clear, slightly acid, somewhat darkez 
in colour than that of the camivo ra, but considerably paler 
than that of the herbivora, and only occasionally deposits a 
sediment on cooling. 

In chemical constitution these mines present as marhed 
features of difference as they do in physical appearance. 
Thus, for example, while urie acid (Fig. 1), a beautiful crys- 
talline body, exists in the urine of the camiTota, it ia entirely 
wantijig in that of the herhivora. 

The urine of the herbivora, on the other hand, contains, in 
its stead, a quantity of a totally distinct organic aeid, namely, 
hippuric, which not only differs in chemical composition, but 
alio in crystalline form {F\j. 2). The urine of the omnivora 



I again found to stand between the two, 
f uric 33 well sa hippuric acid, 

Eien in the nature of their inorganic ingredienta, these 

rines differ materially ; for, while both alkaline and earthy 

Fis. I. 




pho&philea are abundant in the urine of the camivora, they 
are entirely absent from that of the herbivora. — their 
place being there supplied by alkaline and earthy carbonatea. 
Here the urine of the omnlvota still occupies the medium 
position, and claims a share of both. 

Haling now seen that the urine varies in the different spe- 
cies of Biimials, we are in a measure prepared to consider how 
and why it should vary at diflerent times in the same animal. 
The variations both as regards quantity and quality we shall 
find to depend upon the state at the body, the kind of food 
and drink, the amount of exercise, the climate, and an in- 



finite number of minor caueeB, the influence of which will 
afterwards appear. 

Fio. 2. 




3 with the diseases of man alone that w 
e must now direct our attention specially to 



Hus(a:< TJhine. 

The moat readily observable properties of the human urine 
are — its colour, smell, taste, reaction, and Bpecifie gravity. 

The Colour a/the Human t'rine.— The colour maybe said 
to be quite characteristic, as no other animal liquid posaesaes 
B similar one. In health, it fluctuates between a pale straw 
and a brownish-yellow tint. It is due to the existence of a 
peculiar pigment — urohLOraatin — sjid upon the relative pro- 
portion of this colouring matter and the water do all the 
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varying tints of the healthy urine depend. Consequently, you 
now observe that I artificially produce from this intensely- 
coloured urine each of the different normal shades by the 
simple addition of pure water. Hence, we find that, so long 
as the body remains in health, the larger the quantity of 
urine daily excreted, the paler the tint ; the less the amount, 
the higher the colour. 

Although, as I shall afterwards have occasion to show you, 
normally- coloured urine does not necessarily exclude the 
possibility of disease, yet it is in general the presence of 
orange, red, brown, black, green, or blue urine that indicates 
the existence of the graver maladies. Still, even the presence 
of high-coloured iirine, when an average amount is passed, is 
a sign which ought never to be lost sight of, as it invariably 
indicates the existence of a pathological condition of system. 
The import of this, like that of the other tints, will afterwards 
occupy our attention ; meanwhile we must pass on to the con- 
sideration of the next physical condition of normal urine, 
namely : — 

The Smell of the Urine, — Immediately after being passed 
from the bladder human urine has a mawkish aromatic odour. 
The smell of the urine is in general quite characteristic of the 
species of animal. All of you are acquainted with the smell 
of cat's iirine, and I dare say most of you are equally familiar 
with the peculiar odour of the urine of the horse and cow. 
The urine in general smells like the fat of the animal ; sheep's 
urine, for example, smells exactly like mutton suet. Many 
foods and drinks transmit to the urine their peculiar odour. 
To such an extent, too, may this be the case, that one is occa- 
sionally able, from the smell of the urine alone, to tell the 
kind of solid or liquid of which the patient has partaken. 
Thus, turpentine, copaiba, garlic, and many other aromatic 
substances, may be recognised in the urine. All of you must 
have observed what a strong odour asparagus imparts to the 






unfrequentlj' happens ihnt the mcrp 
breathing of odoriferouB substancea communitatea their cha- 
racteristic aioma to the urine ; and the more delicate the 
individual, the more marked is this effect. ITic abnormal 
odours of the urine, such an we meet ^ith in jaundice, Bright's 
disease, diabetes, etc., will each occupy our attention in its 
appropriate place. 

The Taste of tie Vrine.— The taste of normal urine is 
Baltish bitter, but the flavour varies very much in disease, 
being sometimes aa sweet as honey— in diabetes ; and at other 
times as bitter be gall— in icterua. In cases of urgent neces- 
sity, where the urine has been used aa drink, it is said greatly 
to increase the thirst, llolwell, when confined in the black- 
hole at Calcutta, found the thirat, which proved so fetal to 
many, relieved by sucking his perspiration, but not by driiik- 

The Heaclion of Human Urine, — When irefihly passed the 
urine is slightly acid, the acidity becoming more marked 
during the first hour or two. According to Dr. Benee Jonea 
it is neutral, Or even alkaline, immediately after taking food, 
again gradually becoming more and more acid np to the time 
of the ne.'st meal. Although I have been unahle to verifv this 
statement on perfectly healthy ijidividuals, I see nothing im- 
probable in it, if the person experimented upon has partaken 
largely of vegetable food. The urine of dogs fed on flesh is 
acid, but if the animals are fed for several days on vegetable 
diet it becomes alkaline. The urine of rabbits, on the other 
hand, is normally alkaline ; but if animal food be forced upon 
them, or better still, if for a time they receive no food at all, 
and are consequently obliged to live upon their own tissues, 
the urine becomes acid, and at the same time assumes many 
of the other characteristics of the carnivorous animal. It is, 
therefore, highly prohable that diet will, in a similar way, 
influence the reaction of the human urine. It may be laid 
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down as a rule, however, that if the urine of a person living 
on mixed diet becomes alkaline in less than twenty-four hours 
after being passed, there exists some disease, either of the 
general system or of the urinary organs, which demands im- 
mediate attention. 

It must not be forgotten that many medicines — alkaline 
carbonates, for example— as well as alkaline citrates, tartrates, 
and acetates, which are converted, in their passage through 
the body, into carbonates, cause even the urine of healthy 
individuals to become for a time alkaline. 

The acidity of normal urine depends on the united presence 
of acid phosphate of soda, uric, (a) hippuric, and lactic acids. 
Neither the hydrochloric nor sulphuric acids, which, as will 
afterwards be seen, are always present in normal urine, have any 
share in producing the acidity, for they are both combined with 
bases in the form of neutral salts. After standing for a greater 
or lesser time, all urines become alkaline. This arises from 
the urea being decomposed into the carbonate of ammonia, in 
consequence of a putrefactive fermentation being induced by 
the presence of such animal matters as mucus from the 
bladder and urinary passages. The carbonate of ammonia is 
a strongly alkaline salt ; so alkaline, indeed, that putrid urine 
was at one time in great request for the purpose of remo\'ing 
grease from cloth. This property the iirine entirely owes to 
the presence of the carbonate of ammonia, which unites with 
the fatty matters of the cloth, and forms an alkaline soap, 
readily removable by washing. The peculiar odour, so 
characteristic of putrid urine, is also chiefly due to the 
carbonate of ammonia derived from the decomposed urea. 

It occasionally happens that this decomposition occurs 

(a) Some have thought that all the uric acid is united with part of the 
soda, of what would otherwise have been the neutral phosphate of soda ; 
but this is an error, as is seen by the fact, that in the most naturally acid 
urines the uric acid is invariably found in a free state, as is proved by its 
spontaneously crystallising when the urine cools. 
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i\ilhui the frame : and hence in certain diseased states of the 
bladder aiid urinary passages the urine is alkaline at the 
moment of being voided, while in certain others of the 
general Bjatem it becomes so very shortly after beiiiR passed. 

The reaction of the urine J8 moat readily ascertained with 
litmus paper. Some recommend nentral paper for thia pur- 
pose, as one kind does for both acid and alkaline mine ; but, 
as you now see, the change produced in the neutral paper is 
very slight, whereas n-itb the more inlenscly coloured papers, 
one of which, as you perceive, is of a distinct blue, while the 
other is as evidently red, no difficulty can poasibly arise. The 
blue paper I dip into tbia dog's urine, the acidity of which 
instantly turns it red; while the red paper I dip into the 
alkaline urine of the horse, and, as you observe, it is as rapidly 
changed to blue. Softpapersareusuallyraoresensitivethanhard. 

l^Tien it is deemed desirable to ascertain the exact amount 
of free acid daily escreted, a standard solution of caustic soda 
is employed of such strength, that one cubic centimetre neu- 
tralises ten milligrammes of dry oxalic acid. This solution is 
gradtutUy added to a given quantity of urine until the acid 
reaction disappears, and the calculation for the whole quantity 
passed in the twenty-four hours made accordingly, (a) It has 
been ascertained that healthy adults daily pass, on an average, 
an amount of free acid equal to about 1-7 grammes (27 Rrains) 
of dry oxalic acid. 

This mode of estimating the am.ount of free acid present in 
urine is imfbrtunately too troublesome to admit of its being 
generally employed at the bedside, so that we are forced to 
guess at the acidity of the secretion from the intensity of the 
stain it produces on litmus paper. 

It occasionally happens that the urine is recognised as being 
abnormally acid from the presence of hrownisb-red cryetals of 

(a) Tha mode nl preparing and amplojlUB this Bolutlon will occupy our 
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uric acid on the bottom and sides of th.e chamber- vessel ; for 
free uric acid never crystallises spontaneously, except in cases 
where the urine contains an excess of acid, as, for example, in 
febrile and inflammatory affections, especially those in which 
the liver, heart, or lungs are implicated. 

The Specific Gravity of Human Urine. 

The specific gravity of healthy urine ranges between 1002 
(after drinking) and 1030 (after food), pure water being 1000. 
It is never lighter than water. In disease its density may be 
as high as 1060. The variations in the specific gravity of the 
healthy secretion depend upon the quantity of solids it con- 
tains, and that again varies with the time of the day, the 
constitution of the individual, the food and drink, and the 
amount of exercise taken. The urine that is passed imme- 
diately after drinking, and hence called " urina potus," is pale- 
coloured, faintly acid, and of low specific gravity (1002 to 
1015). That passed in the morning, after sleep, and named 
"urina sanguinis," from being supposed to come directly 
from the blood, is darker in colour, of a more acid reaction, 
and a higher specific gravity (1015 to 1020) ; while that voided 
some hours after food, and named, accordingly, "urina cibi,'* 
although having a still higher specific gravity than the last 
(1020 to 1030), is neither so dark in colour nor so acid in 
reaction as the morning's urine. 

Seeing that the different urines voided at different times 
throughout the day vary so much in specific gravity, it is 
easily understood how dangerous it must be to draw any con- 
clusions .from observations made on only one of them, and 
proves *he necessity of collecting the whole urine passed 
during the twenty-four hours, and estimating the specific 
gravity therefrom. When such is done, it is found that the 
average specific gravity varies in health from 1016 to 1025 ; 
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acj bong the oolj exccptioo to din rale. In it, and 



mot« especiallj' dnrin^ the latter "'"■'I's the aTcia^ specific 
gravity may reach as high as L033. and ret thf individual be 
in the enjoyment of the most perfect health. I ha\e even 
naticnl that of the uiina sanguinis in sach cases as much as 
1030. Were such chances as Ihe^ observed in a non-prec- 
nanl female, they suuld in&Uibly point to an abnormal con- 
dition of sysUmi, such as the existence of febrile or inflam- 
matorr disease. In pneumonia and pleurisy the specific 
gravity of the urine ij often as high as 1035, and in fever it 
has even been noticed to reach 1038. On the other hand, 
when the average specific gravityis abnonnallv low (le^ than 
lOlS), we may with equal safety suspect the presence of some 
exhausting non-infiammatory compl.iint, such, for example, as 
Brighl's disease, in which it may be as low as 1008, or as 
cholera, where it has been knonn to fall eveu lo 1006. It 
may be stated as a rule, that the lower the specitic gravity in 
these affecrions, the more unfavourable is the prognosis ; the 
higher the specific p^vity, the less dangerous the case, (a) 
The specific gravity of urine is estimated in three different 
ways. First, by means of density beads (Fig. 3, a), such as 
were formerly used in ascertaining the specific gravity of 
spirit. 

These heads are gradually dropped into the urine until one 
sints to the bottom of the vessel, when, by reading off the 
number on the last bead that floated, the specific gravity of 
the liquid is ascertained. In the urine glass (b), bead 20, being 
too heavy, has sunk to the bottom, while bead 15 is floating 
at the top. The specific gravity of the liquid is, therefore, 
1016. This method is open to two objections :— Ist. It does 
not come nearer than 6ve degrees, for the heads are numbered 
5, 10, 15. 20, 25, etc, ; and 2nd. It is exceedingly tedious in 
its mode of employment. 

(a) The BicBptiona to tMa nilo will hHbtwiuiIb bo pointed uut. 
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The second metliod of Bscertaining the specific gravity is by 
what ia called a urinometer (Fig. 3, c)— a i 




little instrument, consisting of a blown glaa 
bulb weighted with mercury, and a graduated stem. All that 
is required with this instrument is, to pop it into the urine, 
and read off the number which happens to be on a level with 
the surface of the liquid. If it chance to he 16 (Fig. 3, i)), 
then the urine has a specific gravity of 1016. If, on the other 
hand, the instnunent is high in the liquid, and the reading is 
at 30, the mine is proportionally heavy, the density being 1030. 
Although this instrument does admirably for clinical pur- 
poses, it is not BufEciently exact for scientific research ; 
accordingly, when we desire to make scientific obsenations, 
we use a picknometer (Fig. 3, e), which, as shown in the wood- 
cut, is a small battle, with a long stopper perforated by a 
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20 
Ot simply multiply the decimal by o, and the result is the 
last two figures of the apttcific gratiCy, 3 x 5 = li. 

The Temperature of the Urine. — Patients frequently say 
their urine scalds them, and this has led to the idea that 
the urine is hot ; wheieaa its temperature, even at the moment 
of being passed, is never higliet than the temperature of the 
body. The urine, in realily, receives ita heat from the body ; 
and, as the material warmed can in no case be hotter than ttie 
matefial which warms, the uiine cannot possibly hsve a 
higher temperature than the frame. When patients complain 
of the urine scalding them, we may be assured of one of two 
things, either that the canal, or pare of the canal, is in a state 
of inflummation, and has, conseiiuendy, its sensibilitj in- 
creased ; or, that the urine possesses more thsn its uEual 
degree of acrimony. The normal temperature of fresiily- 
passed urine is about 99' F. ; but in cases of acute rheumatism, 
pneumonia, scarlet fever, and such other diseases as raise 
abnormally the bodily temperature, the urine participates in 
the change, and its temperature may reach as high as 109°, in 
thecoma of sunstroke, or oven 1 12 o° F. in idiopathic tetanus. 
On the other hand, it may fall as low as 79°, in tubercular 
meningitis, or even 77° F. in mania just before death. 
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16 quantity op urine, 

Quantity op Urine. 

The amount of water expelled from the body varies ex- 
ceedingly, not only as regards the relative quantity voided at 
each micturition, but also as regards the absolute amount 
passed in the twenty-four hours. From what has been pre* 
viously said with regard to the different kinds of urine passed 
in the day, one can easily see the absolute necessity of collect- 
ing all the urine made by the patient during twenty-four 
hours, and analysing a sample taken from the whole. For- 
merly, the constituents of the urine were reckoned at so much 
per cent. ; but subsequent research having shown that such 
a mode of analysis gave rise to most erroneous data, it has 
been thrown aside as worse than useless. 

Indeed, when making a study of any particular disease, 
the mere calculating the quantity of urine passed in a 
single day is not sufficient, for, as will be immediately 
seen, there are many things which accidentally influence 
the quantity. In order to be exact, the urine should be 
collected and measured during at least two, if not four, con- 
secutive days, and the average for the twenty- four hours 
calculated. Some writers (Yogel and Neubauer), think it 
advisable to measure the hourly excretion ; but this can scarcely 
be done except in Hospitals, and fortunately for those is 
private practice, there is no necessity for such measurements. 

If we merely wish to ascertain the presence or absence of 
any particular substance, such, for instance, as albumen or 
sugar, testing any of the urines passed during the twenty- four 
hours, is in general sufficient for the purpose. It is usually 
recommended in books to examine the morning's urine 
(urina sanguinis). This recommendation, however, is not 
unlikely to lead to error, and that, too, in the very cases 
where it is of the utmost importance to avoid it, namely, in 
those where the disease is in its early stage, and, consequently, 
where but little of the abnormal substance is present in the 
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nrine. In suet cases, it is miich. better to employ the urina 
cibi (that passed from, three to four hours after dinnor ia the 
best), aa it invariably coctains the greatest amoimt of either 
of these foreign substances. The reason of this I shall suh- 
Hei^ueutlj explain. 

e desire to inike a quantitive analysis 

Lta, healthy or morbid, we 

mple of the twenty-four hours urine, 

aware of the absolute quantity that has 

ai passed. Far this purpose the collected urine may be either 
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carefully measured in an ordinate omiLe measure, and the 
number of cubic centimetres calculated theretrom, (b) or still 
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better, the urine may be measured in a glass jsr, Fig. 4 (a), 
or Fig. 4 (d), graduated in cubic centimetreB, and the quan- 
tity thus at once exactly ascertained. 

Aa ttere are certain phyeiological as well as pathological 
conditions which influence the amount of water voided during 
the twenty-tour hours, it is necessary that I should at once 
make you acquainted with the physiological conditions on 
which the quantity and quality of the urine depends. These 
are the drink, the kind of food, the state of the cutaneous and 
pulmonaryexhalations, the length of time the urine is retained 
in the bladder, the condition of the stools, the sex, the age of 
the individual, and the influence of remedies. 

1st. Aa regards the Iiijluenee of the Drink on the Amount of 
Urine. — The qnanity of ujine passed during twenty-four hours 
is generally, though not always, in excess of the fluid ingests. 
Bucker found that when he drank 1260 c. c. (40J oz.) bis 
urine amounted to 2621 c, c. (84^ o/.), and when he drank 
3360 (108i oz.) it reached the: large amount of 4994 c. c. 
(161 oz.) in the twenty-four hours. In each case j'ou observe 
the quantity of water ejected is considerably above the 
amount of drink taken. Professor Vogcl made some interest- 
ing observations on this point. He daily weighed the food 
and drink of a person during k.89 days, and found, as a rule, 
tliat the kidneys gave oH from j^ to i^u more water than the 
Huid di'unk ; (c) but it occasionally happened that ojily l of 
the liquid taken was thrown off by the kidneys. The more 
active the skin, cmleria paribus, the less water is excreted by 
the kidneys. Whenever the quaniity of drink is diminished, 
the Bmoimt of urine passed is correspondingly decreased, We 
nest come to the important question of 

■2nd. The Infiuettce of Food upon the Amount of the Urine. 

(c) The largeirt quantity wss iBflsod after h cold baili, in cooBequeiieB of 
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— ^This is not so easily understood as the influence of drink ; 
it is, however, quite as remarkable. Various experiments 
have been made on this point, but I think the most interesting 
are those of Lehmann. They were made during the summer 
months, when the amount of water is much less than in winter, 
and the effect of different kinds of food was as follows: — 
While taking 1233 grms. (39*79 oz.) of animal food (eggs), the 
daily amount of urine excreted was 1202*5 c. c. (38*79 oz.) 
When living on vegetable food, which was certainly taken 
in larger quantity than the animal food, he passed only 
909 c. c. (29*3 oz.) of urine. Lastly, when a mixed diet was 
taken, the amount of the urine stood between the two cited 
examples. This influence of food over the daily quantity of 
urine seems to depend chiefly on one of its elements, namely, 
the nitrogen, (d) 

For example. Bidder and Schmidt found that a cat fed on 
animal food passed 45 J c. c. (1*46 oz.) of urine for every pound 
of its weight. Valentin ascertained that a horse fed on com 
and hay passed only 6 c. c. (0*19 oz.) of urine for every pound 
of its weight (e) ; and I ascertained that a man on a mixed 
diet passed, on an average, 14 c. c. (0*45 oz.) for every pound 
of his weight ; so here we see that, even in different species 
of animals, the rule regarding the influence of the kind of 
food over the daily quantity of urine, still holds good. Another 
equally interesting fact is, that it is not only the quality of 
the food, but also the quantity, that exerts an influence over 
the amount of water excreted by the kidneys. This I can 
scarcely better exemplify than by quoting the following experi- 
ment of Bidder and Schmidt : — 



(d) 100 i)arts of animal food contain on an average 15 per cent, of 
nitrogen ; whereas the same amount of vegetable food contains only from 
2 to 5 per cent. 

(e) Vide ♦• Budge's Physiology," sixth edition, p. 214. 



A cat when fed upon 

Perlb. ofbixlUj-welghr 

108 ^ 1674 &e»h, passed 81 = 2-9 of urine. 
75 - llfi2 „ „ 71 = 2'2 
-44 = 682 „ „ fi3 = 1-7 „ 

Here the animal liad drink qW lihiiani; and when the water 
was removed, thaugh still receiving 44 gramraes (632 grains) 
of ilesh, the urine diminished to 26 c. c. (0-83 oz.) in the twenty- 
four hours. 

Many animals on a flesh diet do not drink any water at aU, 
and yet continue to pass fluid in fir grenter quantity than they 
can poEsibly receiTC with the food. In the winter of 1869, 1 
kept six doga during three montha solely on animal food 
(boiled tripe), during which time, notwithstanding that they 
received no water, the average quantity of urine daily passed 
by each was 186 c. c. (6 oz.) They never appeared to be 
thirsty, and when oflered water refused to diink it. Here we 
have another illustration of the fact, that more Kqhid may be 
excreted by the kidneys than is taken into the stomach. From 
whence, then, does this liquid comer The dogs just spoken 
of were kept in a cool atmosphere, and there can be no doubt 
that the fluid was absorbed by the lungs. In a hot and dry 
atmosphere, the lungs would have exhaled instead of inhaled 
moisture, and the result woul d have been, that the animals 
would have required water. 

3rd. Infvenee of the Culaneui'4 and Pu!iiiDnor>j Ej:/ialnliont. 
— The more rapid the pulmonary and cutaneous exhalations, 
the less the amount of urine excreted. Hence, we invariably 
observe that, after much exercise, the urine is scanty, dark 
coloured, and of high specific gravity. It is sometimes, 
indeed, so concentrated, after profuse perspiration, that it irri- 
tates the urethra. This counterbalancing influence of skin, 
limgs, and kidneys is of the utmost value in the treatment of 
renal disease. In acute nephritis, for example, when the sup- 
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pression of Tirine is the result of renal congestion, and the 
patient is too weak to stand active treatment, the simplest and 
safest way to relieve the kidneys is to induce free cutaneous 
perspiration. A hot air bath in such cases will often save 
the life of the patient. The perspiration, be it borne in mind, 
does not only carry oflf water, but many of the urinary solids, 
inorganic as well as organic. Normal sweat contains uric 
acid, urea, phosphates, and chlorides ; and in disease, as I 
shall afterwards show you, even the insoluble oxalate of lime 
may be excreted by the perspiration in such quantity as to 
cover the skin with a white crystalline crust. It is, therefore, 
easy to understand how the cutaneous exhalation may replace 
for a time the renal function. 

That the influence of the pulmonary exhalation is nearly 
of equal importance, is well illustrated by the effect of a 
change of weather on the urinary excretion. All of you must 
have noticed that you pass much more urine in winter than in 
summer. In some cases, as much as double the amount of 
urine is voided in the cold as is passed in the hot season of 
the year, and this, to a certain extent, is independent of the 
cutaneous influence. The same remark is applicable to the kind 
of day : in a cold and damp day much more water is passed 
than in a warm and dry one, when the pulmonary exhalation 
is in full activity. 

According to Wiederhold, (f) the lungs, like the kidneys 
and skin, excrete both organic and inorganic substances ; for* 
on collecting a large quantity of expired air, and testing it 
with suitable reagents, he found that it contained chloride of 
sodium, uric acid, urate of soda, urea, and urate of ammonia. 

4th. The quantity of Urine passed also depends^ to a great 
extenty upon the time it is retained in the bladder ; for, during 
its sojourn there, its aqueous particles, and, according to 

(f) Deutsche Klinik, No. 18. 
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Kaupp (g), even nmay of its Bolida, aie continually being 
reabaorbed into the circulation.. Any one can easily prove 
the first part of the proposition by making the follow- 
ing esperiment upon himself. Let him resist a call to 
make waler, and immediately proceed to take attue exertiae. 
In a very short time the inclination, to micturate w ill pass 
away, and perhaps not return for an hour or two, «hcn it 
«t11 then be found that, instead of much, verj little urine 
is voided, and that little is of a dark colour, and high 
specific grarity. In such a case, the water that was previously 
in the bladder must have been r-eabsorbed into the hlood, and 
exhaled partly by the skin and partly by the lungs, and with, 
it, no doubt, aome of the volatile and more soluble of the 
urinary salts. 

Since physiology has shown that the quantity of fluid 
present in the blood during health varies but slightly, and 
that this is in consequeuee of the renal secretion fluctuating 
in direct proportion to the in-crease or diminution of the 
pulmonary and cutaneous exhalations, the kidneys may, with 
perfect justice, he said to be the safety valves of the system, 
as iJiey are assuredly the most important regulators of the 
amount of fluid present in the body. 

fith. Injtuence of the Stools.— All that can be said (m this point 
may he summed up in a few words. The greater the quantity 
of liquid passed from the bowels, the less is ejected from the 
bladder ; so that, in cases of diarrhcea and dysentery, patients 
void much less urinp than in a state of health. 

flth. Influence of Sex and Age.—Ai a rule, males pass more 
urine than females, the proportion being about, — 

Urine in Twenty-four Houra. 
Men . . . 1000 = 32 to 2000 = 64 



{g) Kaupp found tint when the urine is retained in tie bladder tliB 
water ia taken up most readily, then the pheBphatfla, the ehloriden, the 
Bulpbates, uid, lastly, thu urea. — [Paricea, p. lOA.) 
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The influence of age ia equally remarkable. Children, for 
their aize (as Scherer first obseiTed), pasa proportionallT more 
water than adnlta. I estimated the qnantitv of urine passed 
during four days hy a |^1 aged eighteen months, and her 
mother aged twentj-'seren years, and the result was, that the 
child passed 13e. c. (042 oz.) for every pound of her weight, 
and the mother only 8 c. c. (0-26 oz.) for every pound of herB. 

As age advances, the absolute, as well as relative, proportion 
of urine again diminishes. The amount of water passed bj 
the kidneys appears, therefore, to be proportiODal to the meta- 
morphosis of the tissues. 

7th. The laflaence of Diiease and RBmtdie4.— Disease greatly 
aSects the quantity of the urine : in some few it is increased, 
as, for example. In polydipsia ajid diabetes ; in others, it is 
diminished, as in cholera, fevers, and inflammatory- aflectione. 
Remedies have also a very powerful eflcet on the amount of 
water eicreted by the kidneys. We all know how diuretic 
some medicines are — spiritus letheris nitrici, for example — 
while others have just the contrary effect. Mineral substances 
— such as iron and copper for instance — lessen the quantity of 
the urine, while cantharides and arsenic almost totally airest 
its secretion. 

In a carefuUy-obserred case, I saw the dttate of quinine 
and iron in the Space of twelve days reduce the quantity of 

urine from 2325 c. c. (75 oz.) to 1880 c. c. (60 oz.) in twenty- 
■ four hours ; the specific gravity (1017) remaining tie same. 

Again, I have noticed in the same indiyidnal the quantity 
of urine still further reduced by means of coniafrom 1860 c. o. 

(60 oz.) to 1240c. c, (40 oz.) in the space of twenty-two days ; 

but in this case the specific gravity rose to 1027, as the quantity 

of water diminished. 

In another case of confirmed polydipsia occurring in a man 

aged fifty-ail, the one whose urine is now on the table, and 

which is still under observation, the orine has diminished 
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1210 c. c. (40 oz.) in tlie spaize of six 6a.ya, duiing which time 

junction with quaasia. The eiact quaatitiea of urine passed 
by Hub patient are,— 

(JuanOlj of Urino Ii. Bpctific 
Date. Twenty-tour Houta. sr.u'ity. 

November 16 . . 4960 = 160 lOJO 
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LECTURE II. 

ON SOME OF THE CHANGES IN THE COMPOSITION OF THE 
URINE INDUCED BY FOOD, DRINK, MEDICINE, AND DISEASE. 

Having seen how the quantity of liquid excreted by the 
kidneys yaries, not only relatively at each micturition, but 
absolutely, during the whole twenty-four hours, we have 
next to consider how the relative and absolute amount of 
solids excreted also vary, and to call attention to the causes 
which induce the variations. 

The solids consist of all that remains behind when the 
aqueous part of the urine is driven off by evaporation. They 
appear in the form of a brown-coloured, strongly-scented, 
bitter-tasted mass, which, on analysis, is found to be composed 
of acids and bases, organic as well as inorganic. Normal 
human urine contains the following : — 



Inorganic • 



Adds. 
'Hydrochloric. 

Sulphuric. 

Nitric. 

Carbonic. 
I Phosphoric. 
\Fluoric, 






Bases. 
Ammonia. 
Soda. 
Potash. 
Magnesia. 
Iron. 
Lime, 



/ Uiio. 
I Hippuric. 

Oxalic. 






ss 

Urea. 

UTohiematin. 

Creatinin. 

I Malic. Pat. 

Phenylic. Albumen. 

I Kryplophanio.(a) Uucu«. (b) 
It WB8 preTiousljr said, tbat the kidneys act tbe part of 
Bafety-valvea to the syalem, in regulating the amount of fluid 
in the circulation ; they might with equal justice be called the 
" scavengers " of the frame, for not only do they eliminate the 
normally effete elements of the tissues, but also all foreign and 
noxious materials that chance to have found their way into 
the circulation. Hence it is, that we occasionally find a variety 
of substances in the urine, many of which cannot have played 
any part in the procesBea of life, as they are expelled from the 
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circulation almost as rapidly as they are 
ibsorbtd. Fetro-cyanide of potassium, 
[or example, has been detected in the 
urine within two minutes alter it was 
taken into the stomach ; and many mine- 
ral and vegetable poisons are to be found 
in the urine within a very brief period 
after their admission into the system. 

At regards Sedimenti, it may be here 
Stated, once for all, that no spontaneous 
deposit lakes place in normal urine within 
twenty- fourhours after being voided. The 
only thing which is at all Tirible to the 
naked eye is a small quantity of mucus, 
which appears after six or seven hours as a 
whitehai!ycloud,suBpended (not deposited) 
n the dear transparent urine.— Fig. 6. For 
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the purpose of demonstration, the mucuB cloud is here repre- 
sented much more distinct than natured; it ought only to be 
visible, and nothing more. 

■Whenever, therefore, any kind of deposit sponlaneouHly 
forms within twenty-four hours, the urine may be regarded aa 
abnormal. Either the proportion, of some one or other of its 
aolida is too great, or the proportion of its water is too little. 

The effect of a mere diminution of the aqueous particles of 
the urine is easily rendered apparent, by simply concentrat- 
ing B little of a perfectly healthy specimen. If, as soon as it 
is reduced to about one half of its bulk, it be placed aside to 
cool, a number of its solids will be precipitated in a crys- 
talline form, the characters of which can be readily recognised 
by the aid of a microscope. This fact we occasionally turn 
to practical account when searching for substances which, like 
leucin and tyrosin, are only cryatallisable in concentrated 
solutions. 
Physio LOGICAL and Patholohical Conditions iNPLOEHCine 

THE ESCHETION OF UkISAHY SOLtDS. 

There are several physiological as well as pathological con- 
ditions which cause the absolute quantity of solids passed in 
the twenty-four hours to vary in different individuals, and even 
Bt different times, in the same individual. In consulting books 
on the urine, you will be struck with the apparent discrepancies 
of French, English, and German writers as regards the 
quantity of solids passed by healthy indiviiluaLs. Thus, an 
adult male on a mixed diet is said to pass on an average the 
following amounts ; 

Amount of Soliiia In Twonty-four Hours. 

giamiHcs. grains. 

Frenchman (Becquerel) . . 3B'fi2 = 612-68 

Englishman (myself) . . . 5300= 821'60 

German (Lehmann) . . . 87'32 = 1051-21 
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Paradoxical though it appears, each of theae Btatements ia 
in itself correct, the variance being simply due to the national 
peculiarity of the indii-idual ; not that the French, German, 
and English constitutions are essentially different, but on 
account of the modes of life, and especially the diet of the 
individuala, being different. For example. Frenchmen take 
much vegetable, and little animal food, and what animal food 
they take ia not of the most nourishing kind ; first, because it 
is originally inferior ; aiid secondly, because, in order to make 
it palatable, it is submitted to a complicated process of 
cookery, which still further decreases its nntrilive value. 
Englislunen, on the other hand, eat moderately of both 
vegetable and animal diet ; while our German confrkes, on 
whom the experiments have m.0Btly been made, contrary to 
their own opinions, eat largely of all foods. (c) In. order to 
show you that this ia no imaginary statement, and that diet 
does exert the influence here atlributed to it, I shall quote to 
you the results of an esperiment made by a German (Leh- 
mann) on himself;^ 

pi^j EoUdH in TWenty-f our Hours' Drfne. 

Animal .... 87-il = !365'32 
Mixed .... 67-S2 = 1051'21 
Vegetable . . . 69-23™ 918'06 
Non-nitrogenised . . 41-68 = 6i6-04 

Here is at once seen the immense influence diet exerts over 
the amount of solids excreted by the kidneys. They are, it 
wUl be observed, increased by an animal, diminished by a 
vegetable, and still further reduced by a non-nitrogeni£ed 
diet I and this, you will remember, is a precisely similar result 

(c) A3 a nation, the Geminng aro muoh worse fed than the English ; but 
the studcnta and ProfeBsorn. on whom tte eiperimenta on lioalthy urine 
li4Te been made, are a atriking exception to thla ruJo, els an^ one who has 
sat at a Oermau taiU iCIwU must have obeerved. 
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to that noticed regarding the effect of diet on the quantity of 
liquid voided in the twenty-four hours. Curiously enough, 
the same rule holds good regarding the effect of drink on the 
solids ; for, just as the amount of solids taken into the 
stomach influences the quantity of water eliminated by the 
kidneys, so the amount of water teiken into the stomach 
influences the amount of solids excreted by the kidneys. 

For a long time, Lecanu denied that with an excess of 
drink there was an augmentation of solid matter passed with 
the urine ; but the researches of Winter, Vogel, and others, 
have placed the fact beyond a doubt. To me it appears quite 
natural that it should be so ; not because I imagine that the 
fluids drunk augment to any great extent the metamorphosis 
of the tissues, but because, by increasing the quantity of fluid 
in the intestines, more food is dissolved, and consequently 
more solid matter absorbed into the circulation, -and the excess 
beyond what the wants of the system require is excreted by 
the kidneys. 

This view is founded on the result of an experiment made 
by Kierulf, who found that, after injecting water directly into 
the circulation, the solid matters of the urine were very little 
increased, although the urine became albimiinous. Whereas, 
had the water which was injected directly into the blood been 
administered by the stomach, the urinary solids would have been 
proportionally augmented. Of course, no one would seek to 
deny that an excess of water in the circulation accelerates, to 
some extent, the metamorphosis of the tissues ; all that it is 
desired to prove is, that this is neither the only nor the chief 
cause of the augmentation of the urinary solids after the free 
use of liquids. 

It must be borne in mind that the foregoing remarks have 
only reference to the amoimt of solids eliminated in the 
twenty -four hours ; for the proportion of solid matter excreted 
at each micturition is, in reality, reduced after free drinking. 
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This IB easily understood when we Temembcr that there are 
three kinds of urine passed diiring the day, — the urina san- 
guinis, urina pottls, and urina cibi, — and that these differ in 
specific gTBTity ; the difference being due to the variable 
amount of solids they contain. For eKample, if there are 46-8 
grammes of solids in every 1000 cubic centimetres of the 
twenty-four hours' urine, posaeBsing a specific gravity of 1020, 
there wiU be in every 

Culiic Centlmetros. Specific Oravlty. Oiammos. Qralns. 

1000 of urina cibi . . 1025 BS2S = D0Z-B7 

„ „ sanguinis , 1017 39-GI = 613-95 

„ „ potBs. . . 1009 2O'07 = 325-03 

So that when we speak of the drink augmenting the urinary 
solids, we mean augmenting the total quantity excreted in the 
twenty-four hours. 

Influence of Aoe asd Sex on the Urisahy Solids. 

Age has eridently an important influence on the urinary 
solids ; and although as yet few observations have been made 
on fill a point, they, nevertheless, all tend to one conclusion, 
namely, that children excrete, proportionally, more solid 
matter than adults. For instance, I found that, while a female 
child, aged 13 months, escreted 0-58 gramme (8'98 grains) 
for every pound of her weight, the mother, aged 27 years, 
living under the same conditions, escreted little more than 
half that amount (O'Sl gramme ^ 4-80 grains) for every 
pound of heis. 
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The influence of sex U DolesaiemaikiblethuitheinfluPQDe 
of age, ai u seen b; the subjoined table, repiegenting tlie 
average [etative proportion of organic and inorganic Bults dailj 
eliminaled hj an adult English man and woman. The table 
is mode from an average of four analyses : — 



!■> Ticenlij-four Houri' 



erage tciight, 110 !ii,; 



Bolide per lb. of bodily woight 0-37 = 673 3S =■ 6« 

Women, it appears, tbercfore, excrete, both abaoluCely and 
relattrelf , lees solid mattei than men. (d) 

luFLnEKOH OP PKEQNiNCI. 

Of all physiological conditions, that of pregnancy has the 
greatest effect upon the daily escretion of solid mattsr by the 
kidneys. The following obeeivations weie mode on a primi- 
para, aged 26 years : — 



„«.4*0.*.>,... 


Total Solids. 


org:.!. 


l^oreani. 


FiftU Diumb, ten dajs 
afl«r qidckonlnB .. 

Ninth inontli, three 
dajB boforo deliVHT 


43-9* = aeinT 


3204 = «6'fl2 


17 -OS = 2f4 iS 

ii>B9=.ie4-s» 



Here it is clearly seen, tliat the nearer we approach delivery 
the less flolids are excreted, and there can be little doubt but 
that this arises from the fact, that the more developed the 



icludUii the high average of the Qen 
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foetus the more nutritive material it withdraws from its 
mother's circulation, and consequently the less remains to be 
excreted by the kidneys. It is to be remembered, too, that 
the effete products of the foetal tissues are not directly returned 
to the maternal blood to be excreted along with her own, but 
are eliminated by the foetal kidneys in the shape of urine, 
which is expelled from its bladder into the liquor amnii. 
This is, in fact, the true explanation why urea is so often 
detected in the amniotic fluid. 



Influence of Disease ox the Daily Excretion of 

Urinary Solids. 

Disease exerts a marked influence over the urinary solids, its 
most general effect being rather to diminish than to augment 
them. In cases of aneemia and chlorosis, for example, the 
diminution is sometimes very considerable. The twenty-four 
hours' urine of M. L., aged 30 (Hospital case), suffering from 
anaemia, consequent on hyper-lactation, contained — 

Total Solids. Organic. Inorganic, 

grammes, grains. grammes, grains. grammes, grains. 

34-89 = 540-79 26-63 == 412-76 8-26 == 128-03 

liBst some may suppose that in this case the diminution in the 
amount of urinary solids may have been due to a diminished 
supply of food, I shall quote another case from private practice, 
about which there can be no doubt. This patient was also 
suffering from anocmia, and being of the same size, and nearly 
the same age (32) as the preceding, it may be taken as a 
parallel case. Iler diet was of the most nourishing descrip- 
tion. Turtle, and other nutritive soups, well-cooked fresh 
meats, and three or four glasses of wine daily. Notwith- 
standing this, the twenty-four hours' urine yielded on analysis 
only — 
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Tobil Soliil'. CtTKnule. InoiKiink. 

32-64 = 60.5-92 21-P8 ^ MT-\9 7-0 = 117-80 
being eyen lees than the Hospital case. 

Iliavenowto quote anexampleof an increase of the urinary 
Holida as the eflect of diaease- The most interesting case 
of this kind which haa fiillpn luider my personal observation 
is that of a gentleman aged 43, of very high literary attoin- 
jnents. He had enjoyed perfect health till within eighteen 
months before I saw him, wheo, after great and continued 
mental exertion, he was seized with intense frontal headache, 
and violent palpitation of the heart ; so much so, that he had 
to resign his appointment, and desist, from all mental labour. 
When brought to me by Dr. King, he waa suffering from other 
symptoms in addition to the above, the moat distressing of 
which were, pain from the hips dorniwards, with shooting, 
burning sensations in the soles and upper part of the feet. 
He had also pricking, burning sensations in the wrists and 
hands, and to such an e.ttent did these annoy him, that they 
prevented his ever enjoying a comfortable night's rest. On 
analysis, his twenty-four hours' urine was found to i^ontain a 
very great excess of solid matter ; and this, too, in spite of his 
taking very little food, in consequence of his suffering from 
dyspepsia. Under treatment, a marked diminution of tlie 
urinary solids tookplace, and with it a corresponding ini- 
tenty-four hours' urine was 
ccasions, with the following 
results ;^ 

Total SolidR. Org:iuic- tliorgouii:. 

March 19 8J-6J = 1250'33 57-42 = 390-0! 23-2o-.160-37 
„ 31 71-61 -1109-95 49-22 = 762-91 21-39 = 331-S4 

April 22 63-24= 9S0-i2 47-83 = 741-31 15-42 = 239-01 
At the time of the last analysis the patient was yerj much 

improieil. 




The qvantitiT of iciidc daily eicrend nuv, ia Mnun 
diaraacs, be £u pcala tbu eroi d>e above. 

In cases of di^wtei. br instance, the amount of soliil 
lUSttcTinaT be enonaoiulT incrasaed — oat merelT on account 
of the piesEDce of sn^ai, bat wlaa on BCl^oanI of >ereia] of 
the arinary in^redienls bon^ auETnrailed. Hereiiitlieaiialrsu 
of the mine of a gentleman, a^ed 57. who suSeied for ux 
years from diabetes. I quote it, not becsiije it is the mojt 
striking example I could give, but because it hsppens to be 
the first thai has came: ra baud, and. because I shall have after- 
■wards to refer to tbe ease when on thesubjeclof msatiuent : — 

I might go on quoting many more such esamplef ; but these 
are sufficient for the present purpoae. I shall, ihcrclbrc, turn 
to the important question, — What etfect have rcmeilies iu con- 
troUing the elimination of solids bv the kidjievs ? 



Effect of Remedies us the Vuin.iuv Solids. 

There are certain remetlies which have a powerful effect jii 
reducing, and certain others which have an equal effect in 
augmenting the urinary solids. Firel. us renards those 
remedies which reduce them. Xeaily al! belong to the 
narcotic group ; and the most active are opium, morphia, 
eonia, byoscyamus, and Indian hemp. \s one and nil of these, 
ftom their specific action on the nenous system, arc otca- 
Bionally counter-indicated, it fortunately happens chnt We hsvp 
another group of remedies of an entirely opposite neurotic 
character, which also have the power of diminishiuj; the 
elimination of solid matter lij- the kidneys. The most powerful 
of these, I believe, is the citrate af quinine and iron, and nest 
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to it the Bmmoma-titrate of iron in comLination 'uitli quftSEia. 
— two reraediCB wliicli, as was before seen, have alho the 
property of diminishing, in certain cases, the amount of liquid 
excreted by the kidnevB. 

Those medicines which, on the other hand, increase the 
sohds are digitalis, atropine, and colcMcum — indeed, it is 
possible that the chief benefit derived from the use of these 
remedies in certiiin diseases arises from this action. In gout, 
for example, both immediately before and during the 
paroxysm, the niinary solids are said to be diminished : 
whereas, as soon as the paroxysm begins to subside, they are 
said to increase, and the more rapid the incrcaee th? quicker 
appears to be the convalescence of the patient. Now, it so 
happens that both the carbonate of potash and colchieum, 
ivhich, Ha ia well known, are useful remedies in the majority 
of cases of gout, increase the elimina.tion of soUd matter by 
the kidneys. 

There are yet other substances which, although not nsually 
i-laaaed under the head of Tnedieines, nevertheless meKt our 
attention. These are alcohol, wine, and beer— all of which 
influence the daily amoimt of sohds pa.9sed by the kidneys. 
Thus, Biicker found that alcohol and beer lessen the quantity, 
while white Rhine wine (Kiersteiner) augments it. Here, 
then, we sec that in the treatment of disease we can even 
select our stimulants so as to further the effects of our othra; 
lemediea. 

Inokoakic S.iLr3. 

It must have been observed that I have hitherto spoken of 
the urinary solids as awhole, notwithstanding that Ihey con- 
sist, as you are aware, of two parts, an organic and an 
inorganic. I have purposely done so in order to save time ; 
ibr, as a rule, what influences the one influences the other. 



I There a,r 
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however, certain exceptions to it, with which I 
make you acquainted. 
From the preceding tables you irill hare learned that the 
organic is usually greatly in exceaa of the inorganic matter; 
and, although this ia the case at all periods of life, yet the 
relative proportion varies with the age. Thus, it will he seen 
hy the aubjoined table, that while a child aged eighteen months 
passes for every pound of its weight only one-third more 
organic matter than the adult, it excretes no lees than three 
times more inorganic salts : — 

Sotida per lb. of Bodily Weight in Tioenty-foar Hours' Unne. 

Total Solids. Organic Inorgiinic. 

grammes, grulna. grammea. graioa, ^rammee. ^{rainif. 

Girl aged 18 mtha 0'58 = 8-B9 0-33 = 5'U 0-2i = 3-72 
Mother aged 2 7 yra 0-31 = 4-30 0-23 = 3-66 0'08 =. 1-21 

The excess is here still seen to be in favour of the or^^anic ; 
and even in disease this rule holda good. There is, howeier, 
one remarkable exception to it, wJiich, as far as I am aware, 
has not been noticed by other observers. And thia is tlie 
more surprising, seeing that not only is the relationship 
altered, but actually reversed, the iaorgajiic preponderating 
over the organic ingredients of the urine. The most striking 
illustration that I caij give of thi3 most important fact is in 
albuminuria, and I think that I cannot do better than quote 
the one cited in a memoir " On the Blood and Urine of 
Pregnancy," published conjointly by Gegenbaur and myself 
iiiScanzoni's "Beitrage" for 1854. The case was that of a 
woman, aged thirty-nine, the analysis of whose urine yielded 
the toUowing results ; — 

[n Iho i4 luiurs" 21) daja bofora lidayabsfoio T days after 

Urine. Delitery, DelivBy. DcUvery. 



38 QUANTITY OF SOLTDS. 

grms. grains, grms. grains, grms. grains. 
Organic solids . 16-37=263-73 21-67=335-88 27-69=429-19 

Inorganic salts . 28-88==447*64 26-70=413-85 31'01=480-65 
Here it is seen that the inorganic ingredients preponderated 
over the organic on the twenty-sixth day before delivery as 
seven to four, on the fourteenth day as nine to seven, and on 
the seventh day after delivery, when the albuminuria was 
already beginning to diminish, as ten to nine. 

Determination of the Water and Solids. 

Having ascertained the exact quantity of urine passed in 
the twenty -four hours, we can form a rough estimate of the 
amount of solids it contains by multiplying the last two figures 
of the specific gra^-ity by 2*33. Thus, in the case of a urine of 
1020 specific gravity, if the 20 were multiplied by 2*33, the 
result would be — ^the solids in 1000 cubic centimetres of urine 
20 X 2-33 = 46*6 grammes. 

If, instead, however, of 1000, 1250 cubic centimetres of 

urine were passed in the twenty-four hours, an additional 

" simple proportion '* calculation would be required to ascertain 

the total amoimt. Thus, if 1000 cubic centimetres of urine 

contained 46*6 grammes of solids, 1250 cubic centimetres 

would contain 68*25 ; the calculation being to multiply 

46-6 by 1250, and divide by 1000. 

46-6 X 1250 -o „- 
= 58*25 grammes. 

1000 ^ 

Again, if instead of 1250 cubic centimetres of urine being 
passed, there were only 800 cubic centimetres, the calculation 
Avould still be made on precisely the same principles. 

^6-6 X 8QQ _ 37-28 
1000 

Although this method does very well when we merely wish 

to have a rough guess at the amount of solids passed in the 

twenty-four hours, and it might even be sufficiently exact for 

ordinary clinical purposes if the specific gra\ity of the urine 
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were carefully taken with a correct apparatus — the pitk- 
iiometer (Fig. 3, n), for example ; yet it is found to be in- 
adequate foi- Bcientilie purposes, and, therefore, it is necessary 
to proceed as follows ; — Twenty cubic centimetres of urine are 
exactly measured otf in a gradiLited pipette (Fig. G, a), put 
into a clean porcelain crucible of known weight, and again 
weighed to ascertain the weight of the urine it contains, 
should that not have been preiiously done in finding its exact 
specific gravity. (1 generally use the picknoroeter as the 
measure, and thereby make one weighing do for both purposes.) 
The uncovered eapaule (Fig. 6, e) is now placed in a close 




k^^ 



water-bath, heated to 100' C. (212*' F.). and kept there until 
the aqueous part of the urine is all driven off. IVhen such ia 
the cose, the crucible will cease to lose weight. (The drying La 
further insured by placing the capsule for a short time under 
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on air-pump.) The differeDce between the capsule when firat 
weighed and in its now dry state gives the quatitity of water 
in twenty cubic centimetres of tirine. If the patient chance 
to have passed 1000 cubic centimetres in the twenty-four 
hours, all that is required is to multiply the loss of water by 
Gfty, and the result is the total amount of water in the twenty- 
four hours' urine. 

Next, as regards the solids, the weight of the brown residue 
now remaining in the crucible is the weight of the solids in 
••O b' timetrea of urine ; and supposing, as we have just 
d 1000 bie centimetres of urine were passed, and the 
es d hed 0-6 grammes, the calculation would be ; — 

Multiply 10 by 0-6, and diride by 20, the amount of urine 
empl y d m the analysis — 

1000 w 0-6 

-^«~ -" 

30 grammes, or 486 grains in the twenty-foiu- hours. The cal- 
culation might be simpliHod by multiplying 0'6 by 50. 

Lastly, to ascertain the amount of inorganic sails. This is 
done by placing the crucible containing the urinary solids over 
the flame of a spirit-lamp until all the organic matter is 
destroyed, and there remains nothing but the inorganic ash of 
the 20 cubic centfrnetres of uTine.(e) The capsule is now 
allowed to cool, and again weig'hed, when the weight of its 
contents will represent the amount of inorganic salts in the 20 
cubic centimetres of urine. Suppose, for example, that they 
weigh 0'3, the calculation would be — 
1000 K 0-3 

— 2i) = '^ 

\6 grammes, or 232-6 grains of inorganic substance in the 
twenty-four hours' urine. 



LECTURE III; 

UREA— ITS CHEMISTRY, PHYSIOLOGY, AND PATHOLOGY. 
AMMONiEMIA AND URAEMIA. 

We have now to consider the constituents of the urine 
individually, and we shall begin with that substance which, 
in consequence of its occurring in greatest quantity, is looked 
upon as the most important ingredient of the human urine. 

Urea. — (C2H4N2O2). Atomic equivalent = 60. 

Urea is to be found in the urine of all animals, but exists 
in greatest quantity in that of the mammalia. It never occurs 
as a urinary deposit, in consequence of its great solubility in 
water, being, in fact, deliquescent. 

Before entering upon the physiological, and pathological 
relations of urea, it will be necessary for me first to say a few 
words regarding its appearance and properties. 

The urea of commerce is a white, semi-transparent, crystal- 
line body, (a) with a bitter taste. When heated it melts, 

(a) The crystals are usually four-sided prisms, more rarely needle-shaped- 
The urea sold in the shops is prepared artificially, but it possesses the 
same characters aj3 that obtained from human urine. 
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bums, and gives off ammonia. It is soluble in alcohol, as 
well as in water, but nearly insoluble in ether. It is readily 
decomposed by strong mineral acids, and by hydrated alkalies. 
With chlorine it yields carbonic, and hydrochloric acids. 
Nitrogen gas being at the same time set free. In contact with 
animal ferments urea takes up two equivalents of water, and 
is converted into two parts of carbonate of ammonia. 

C2H4N2O2 + 2HO = 2(C02NH3). 
Hence the peculiar ammoniacal odour of putrid urine. 

Urea readily combines with nitric acid to form the most 
important of its salts : — 

The Nitrate of Urea (UrXOgHO), which forms, when rapidly 
crystallised, flat, shining, rhomboidal plates ; when slowly 
crystallised, fine prisms. It is very soluble in both water and 
alcohol, but only sparingly soluble when they contain an 
excess of free nitric acid. 

We have here three specimens of urine — ^man*s, horse's, and 
dog's — representing the three subdivisions of the animal king- 
dom into omnivora, herbivora, and camivora ; the first two 
urines have been concentrated to about half their normal bulk, 
the third is left in its natural state, it being by far the richest 
in urea. To each I now add equal parts of strong nitric acid, 
when instantly you perceive they begin to crj'stallise, and 
before many minutes elapse each of the liquids will have 
become one compact mass of shining crystals ; I shall be able 
to invert the glasses without danger of spilling their contents. 
You observe the crystals are coloured. Those from the dog's 
urine only slightly, those from the horse's very deeply. This 
is not owing to the nitrate of urea being a coloured salt, but 
simply because it happens to be deposited in a coloured liquid 
part of the colouring matter of which has united with it ; 
just as sugar — a white substance — when crystallised in a solu- 
tion of carmine, yields red crystals. The higher coloured the 
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urine, therefore, the deeper coloured the crystals ; the paler 
the urine the whiter the crystals. 

With oxalic acid urea forms an oxalate (UrC203,HO) which 
crystallises in prisms and quadrilateal tables (Fig. 7), some- 
times separate, sometimes adhering together in groups. This 

Fig. 7. 




Fio. 7. — Crvstals of oxalate of urea from human urine, 
salt is freely soluble in hot, but sparingly soluble in cold, water. 
Hence it is that we occasionally, though very rarely, detect 
crystals of oxalate of urea in concentrated human iirine. 
Physiological Relations of Urea. 
Urea was first discovered in human urine, and it was for a 
longtimethought to be one of the special products of the animal 
world. Modem chemistry having, however, succeeded in 
preparing it artificially from a variety of substances, among 
which may be mentioned the cyanates of lead and sUver ; 
together with the fact of its being also formed by the imion of 
cyanic acid and ammonia — 



Cyanic acid. Ammonia. 



Urea. 



C2NO,HO + NH3 = C3H4N2O2 
many persons are inclined to regard it as merely the cyanate 
of ammonia. 

Urea, though found in the urine, is not formed in the kid- 
neys, but only excreted by them from the blood, where it has 
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been detected by Garrod, myself, and others. Picard found 

0'016 per cent, in normal human blood, and on one occasion I 

found as much as 0*320 per cent. In the defibrinated blood of 

a sheap I found 0*5)9, and in that of the dog as much as 

0*747 per cent. In a normal state the blood of the renal 

artery contains twice as much urea as that of the renal 

vein (Picard), but in cases of its retention, both vessels 

contain about an equal quantity. Wurtz obtained urea 

from the healthy chyle, and lymph of the ox, horse, and 

dog. It has been found in the humours of the human eye, 

and is one of the ordinary constituents of the anmiotic fluid 

of all mammalia ; but, as I said before, it owes its presence in 

the latter situation to the urine excreted by the foetus while 

still in utero. 

It has been asserted by some (Robin and Verdeil) that no 

urea is to be found in the urine of very young children ; this, 

however, is an error, as I have detected urea in urine taken 

from the bladder of a still-bom child, and in that of an infant 

aged 8 weeks I found as much as five grammes per thousand. 

In fact, from the subjoined table it will be seen that children 

actually excrete relatively more urea than adults ; and males 

absolutely as well as relatively more than females, at all 

periods of life. 

Quantity of Urea in the 24 hours' Urine. 

Relative pro- 
Sex and age. Absolute amount. portion per lb. 

of bodily w^ht. 
grammes. grains. grmes. grains. 

jBoy aged 18 mths. 8 to 12=124*0 to 186*0 0*40 6*2 

(.Girl „ „ 6 to 9= 93*0 to 139*6 0*35 5*4 

(Man aged 27 . 25 to 35 = 387*5 to 542*5 0*25 3*8 

(Woman „ . 20 to 30 = 310*0 to 465*0 0*20 3*1 

In this table it will be seen that the amount of urea daily 
excreted is liable to considerable variations. Before attempt- 
ing, therefore, to draw any conclusions from the changed 
observed in its amount during disease we must make ourselves 



thorODglilj acquainted with the causes apon which the normal 
flui^tiiHiions depend, and in order to do chi^ the more effeclu- 
ailT we must Gift inquire into its normal source. 

Xo urea has as vet been detected in any of the human solids, 
except what might readily be accounted for by the presence 
in them of blood. Its source seems to be two-fold ; firstly, 
the disintegration of the tisiiues : and. secondly, the excess of 
nitrogenised food absorbed into the circulation. 

The effect of food on the daily elimination of urea is well 
marked in the results obtained by Yon Franquo while esperi- 
menling on himself:— 

riiE.1. 

Diet ms+bours. rerhmir. Per lb. of bodily 

Animal {^ lbs. 

offlesh). . 92 = Hie-O S'SB = 59-8 0-53 — 8-2 

Mixed . 37 = 6735 1-58 = 24-1 9-21 = 3-2 

Vegetable . 28 = iU-0 1-08 = 16'7 0-15 = 2'3 

Xon-nitrogenotis 16 = 2i8'0 0-69 = 10-6 0-09 = 1-3 

It is here seen that on an animal a much greater qunntily of 
urea is excreted than on a mixed diet, and least of all after 
Qon-nitrogeniaed food has been taken. These results are in 
accordance with those of all other obserrers, except that the 
total quantities are greater. 

Some suppose that urea comes in no case directly from the 
esceas of absorbed food, but only indirectly Irom that portion 
of it which has undergone metamorphosis in the tissues 
(BischofF, Voit, Parkes). If such be in reality the ease, it 
appears to me very extraordinary that when liiing on a purely 
animal diet a person should excrete a larger proportion of urea 
than when liiing on mixed food, the mixed being the most 
nourishing diet of the two. Again, if their liews be correct. 
why is it that exercise, which is well knomi greatly to in- 
crease the nieIamoq>hosiB of the tiasuea, is not found mute- 
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rially to affect the daily elimination of urea? Thus, Von 
Franque excreted in twenty-four hours : — 

Diet and exercise. "^^ ^^ ^4 hours. Foreverylb. of wght. 

grammes. grains. grammes, grams. 

Mixed, with moderate 

exercise . . . 37*983 = 588'73 0-218 = 3-379 

Mixed, with much exer- 
cise .... 37-877 = 687-09 0-217 = 3-363 

Actually less urea after much exercise than he did on his 
ordinary average exercise, (b) On the other hand. Dr. Ed. 
Smith found that prisoners excrete 36 grains more of urea 
when at hard work than when doing nothing, which, he adds, 
is 19 grains above what they pass on light labour. 

Again, we find that Bischoff in his experiments on dogs 
observed that they passed most urea when fed on eggs, muscle 
and gelatinous substances, and that it increased in proportion, 
to the quantity of food given. These facts all tend to the 
conclusion that a portion of the urea excreted by the kidneys 
comes from the excess of food, independent of the metamor- 
phosis of tissue. That all the eliminated urea does not come 
from this source no one seeks to affirm, for there is abundant 
evidence against such a supposition. For example, starve an 
animal as you may the m*ea will never entirely disappear from 
the urine. It can only be reduced to a certain point and no 
further. Schmidt, Frerichs» Bischoff, and myself have 
observed this in dogs, and Lassaigne, Scherer, Von Franque, 



(b) So contradictory are the results of different observers, that further 
experiments are necessary before the question can be settled ; the observa- 
tions, too, in order to be exact, must only be made on the urine during 
the time the exercise is being taken, and not over the whole twenty-four 
hours, as the effect of rest and sleep may counterbalance the result 
produced by the exercise. I am my.self strongly inclined to the opinion 
that exercise increases the elimination of urea, but cannot vent\irc posi- 
tively to assert it in consequence of the contradictory evidence furnished 
us by so many observers. (Draper, Lehmanu, Franque, Smith, Ham- 
mond, Ranke, etc.) 
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and others have made similar observations on the human 
urine. The last-named gentleman starved himself during 
forty hours, and still found 19*35 grammes (299*9 grains) of 
urea in his twenty-four hours* urine. On experimenting on the 
effects of tartrate of antimony as a slow poison, I found that 
the urine of dogs, reduced to perfect skeletons, contained such 
an amount of urea that it cryst£illised on the simple addi- 
tion of nitric acid without any concentration whatever. 

The amomit of urea passed by an animal during starvation 
is greater, if he heis been previously well fed, than if he has 
only received a sufficiency of food to prevent his losing weight 
(Bischoff), which fact probably accounts for Dr. Von Franque 
passing so much during the time he was without food. 

Prout thought that the urea came chiefly from the gelati- 
nous tissues, and Von Franque thinks it comes chiefly from 
the muscles, but neither of these tissues has been found to 
contain urea. It is true that Stadeler and Frerichs found a 
considerable quantity of urea in the muscles of cartilaginous 
fishes ; but that proves little, seeing that they detected it in 
almost all the organs. My idea is, that toea is not the special 
product of any one particular tissue or organ^ but the united 
product of all nitrogenised effete matter, Bechamp and Picard 
assert that they have converted albumen and other azotised 
substances into urea by slow combustion with permanganate 
of potash, and although subsequent experimenters have not 
been equally successful, we must accept their statement as a 
fact until the contrary is proven. 

Part of the urea may also be formed in the blood by the 
decomposition of uric acid. This is rendered highly probable, 
for two reasons — Firstly, Xeubauer found on giving rabbits 
from two to three grammes (31 to 46 j grains) of uric acid ^\ith 
their food the quantity of urea excreted in the twenty-four 
hours weis augmented from 2*1 to 4*2 grammes (32*5 to 65* 1 
grains) ; and, secondly, when uric acid is acted upon by pfer- 



nuinganate of potseh it is transformed into seTeral substances, 
one of which is urea. 

■We hove now lo consider how the elimination of uiea is 
influenced liy other than animal foods. In the Hist place, 
water increases it. The more water we drink, crrleria paribus, 
the more urea we excrete, most probably for the reasons 
already given when Bpeoking of the intluence of water on the 
urinary solids. Common salt also produces an aug;mentation 
in the excretion of urea {Biicker, Bischoff). Coffee has an 
analogous effect. I found tliis to he very decidedly the case 
in one of my friends, Baron G., aged 57. The daily average 
of urea excreWd by him was 17'2B grammes (2fi7'84 grains), 
whereas after he had restricted himself to nothing hut coffee 
(without milk or sugar) and dry bread during forty hours he 
passed 25-3 grammes (382-25 grains) of urea per twentj-four 

This diet had an equally striking effect on the amount of 
water eliminated. His uEaal average was 1280 cubic centi- 
metres (41 ozs.), and on the day in question it rose to IBSfl 
cubic centimetres (60 ozs.) per twenty-four hours. This result 
is contrary to the observations of Biicker and Hammond, who 
found, on taking an excess of coffee with their ordinary diet, 
that the daily excretion of urea diminished. Bu: this 
probably arose from their taking the eoflee in the usual way, 
sweetened with sugar, for there are certain foods which greatly 
diminish the elimination of urea, and among them sugar holds 
the foremost rank (Biicker, Bischoff, and Voit). Starch has 
also a marked effect in diminishing the amount of uiea, and I 
believe that fat may be plac-ed in the same category, for, not- 
withstanding the statements made to the contrary (Biicker and 
Bischoff), the results of Botiin's experiments on dogs are con- 
clusive regatdiiig the decided diminution of urea which taiea 
place when fatty matters are added to the food. ITiis opinion 
is further strengthened by. the obsenotions of Beneke, who 
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found that cod-liver oil lessens the amount of urea passed by 
the human subject. In fact, my idea is, that all nitrogenised 
foods augment, and all non-nitrogenised foods diminish, the 
amount of urea eliminated by the kidneys. Even gelatine, 
the nitrogenised substance which of all others is supposed to 
possess the least nourishing properties, has a decided effect in 
increasing the daily excretion of urea. 

I have entered thus fully into the physiology of iirea in con- 
sequence of being aware that unless the influence of diet, age, 
and sex be borne in mind while stud}*ing its fluctuations 
during disease, our laboiirs will be unattended -with any 
practical benefit ; while, on the other hand, if these factors are 
duly considered, we cannot fail to reap important advantage 
from the knowledge thus acquired, for just as we have seen 
that its amount in normal urine represents, to a certain extent, 
the wear and tear of the frame, and is consequently an index 
to the health of the individual, so also in disease it furnishes 
us with precisely similar and even more important data ; for 
the amount of urea in the urine enables us not only to judge 
of the tissue consumption, and, through it, of the severity of 
the affection, but is at the same time a direct clue to treatment, 
showing us whether our remedies should be directed to the 
restraining or encoui-aging tissue metamorphosis. 



Pathology. 

Disease has an important influence on the amount of ui-ea 
excreted by the kidneys. In some diseases it is abnormally 
increased ; in others it is as strikingly diminished. Thus in all 
febrile aflections, with one exception, namely, yellow fever, it 
is increased. In typhoid, for example, Parkes found as much 
as 67 granmies (S83-5 grains) passed in the twenty-four hours; 
and Vogel, in one case, the enormous quantity of 78 grammes 
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(1209 grains), all, or nearly all, of which, seeing that the 
patient was on low diet, must have come from the tissues. In 
typhus, febricula, and remittent, the urea is likewise found to 
be increased, though not to such an extent as in typhoid. 
The same remark is equally applicable to the different forms 
of exanthemata, as well as to inflammatory afi*ections, such, 
for example, as pneumonia and meningitis. In the case of 
chronic cerebritis, already alluded to under a different head, I 
found the urea as high as 5 7 '42 grammes (890 grains), and as 
the patient recovered it fell to 46*5 grammes (720*7 grains), 
and still later to 37*1 grammes (574 grains) in the twenty-four 
hours. 

In some cases of epilepsy Dr. Sieveking found the urine so 
loaded with urea that the simple addition of nitric acid to the 
non-concentrated liquid caused an immediate formation of 
crystals of the nitrate. In one of his cases, in which I esti- 
mated the quantity, I found it amount to no less th'an 50 
grammes per thousand. Unfortunately, no exact analyses 
have as yet been made on the twenty-four hours' urine of 
epileptics, but from the observations of Hensen it seems that 
although the urea may be increased during the seizure, it is 
in general diminished when estimated over the twenty-four 
hours. 

Sanger found the daily excretion of urea diminished in cases 
of paralytic idiocy. 

In a case of pyajmia, Vogel found 80 grammes (1240 grains) 
of urea ; and. Ringer has made the interesting observation that 
the quantity excreted stands in a certain relationship to the 
temperature of the body ; for both in the hectic of phthisis, 
and in the paroxysms of ague it increases with the rise, and 
diminishes with the fall of the animal temperature. Scarlet 
fever is, however, an exception to the rule. 

In diabetes the amount of urea is greatly increased ; on one 
occasion I found 70 grammes (1085 grains) passed in the 
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twenty-four hours, and that too in the case of a gentleman 
nearly 50 years of age. 

The average amount yielded by the twenty-nine analyses 
of diabetic iirine now before me is 47 grammes (728 '5 grains) 
— stni a large excess over the normal excretion. But this is, 
I believe, in a great measure due to the rich animal diet. In 
a case of accidental diabetes accompanying paralysis, follow- 
ing upon a fall on the back of the head, instead of an excess 
there was an actual diminution of the urea. The man, a strongly 
built and otherwise healthy labourer, passed only 19*99 grammes 
(308'4 grains) of urea a few days after the receipt of the 
injury, while he was passing 36*89 grains of sugar ; whereas 
during the period of convalescence, three months afterwards, 
when the sugar had disappeared from his vu'ine, he passed 
24*7 grammes (382*8 grains). The quantity of the urine in 
the first instance was 952 c.c. (30 oz.), of a specific gra\*ity of 
1017 ; and in the second, 915 c.c. (29 oz.), of a specific gravity 
of 1023. 

In diabetes insipidus (polydipsia) I have found the urea 
enormously increased. On one occasion a man, aged 56, 
passed 84*63 grammes (1311*76 grains) in the twenty-four 
hours. At the same time the urine amounted to 4030 c.c. 
(130 oz.). 

There are a few diseases in which the excretion of urea 
appears to be diminished before the attack. Gout (Bcicker) 
and asthma (Ringer) may be cited as examples. 

In cholera, the quantity of urea in the urine, both abso- 
lutely and relatively, is very small. The total quantity of urea 
excreted in the twenty-four hours, in some cases, does not 
amount to more than 4 grammes (62 grains). As soon as the 
attack begins to pass off, the urea commences to increase, and 
during convalescence it may even be much greater than in 
health. 70 grammes = 1085 grains (Buhl). 

The question which here suggests itself is, whether the 
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decrease of urea in the iirine of cholera is simply due to 
diminished elimination or to an absolute decrease in its forma- 
tion ? I am inclined to believe that the chief cause is the 
latter — ^iz., lessened formation, for while I can find no reason 
for its non-elimination, relatively to the amoxmt of urine, if it 
be actually present in the blood, I see a potent one for its non- 
formation in the low temperature so characteristic of cholera. 
(We previously saw that in hectic and ague the urea rises 
and falls with the increase and diminution of animal heat.) 
Diminished formation cannot, however, be said to be the cause 
of the small amount of urea excreted in Bright* s disease and 
some other affections. 

In the experiments made conjointly by Gegenbauer and 
mvself on the blood and urine in albuminuria, we found the 
daily excretion of urea on one occasion as low as 3*3 grm. 
(51 grains) and this was clearly due, not to diminished forma- 
tion, but to arrested elimination. The more albumen excreted, 
the less was the amount of urea ; the less albumen excreted, 
the greater was the amount of urea in the urine. 

In the Novembers. November 17. December 7. 

24 hours. Grammes. Grains. Grammes. Grains. Grammes. Grains. 

Urea . . 3-3 = 51-15 5-4 = 83-70 10-9 =168-95 
Albumen . 9-5 = 147-25 2-9 = 44-95 1-6 = 24-80 

In cases of Bright' s disease the urea is not only diminished 
in the urine, but is in excess in the blood. It may even make 
its appearance in all the fluids of the body. In dropsical 
exudations, in the humours of the eye, in the serum of the 
ventricles of the brain, in the milk, as well as in the vomited 
matters. On one occasion I found the blood of a patient who 
died of ura?mic convulsions from Bright's disease quite acid 
(twelve hours after death), and in the serum taken from some 
large bulliu on the chest and thighs urea was detected in con- 
siderable quantity. It may here be mentioned that in yellow 
fever the urea, in like manner, appears to accumulate in the 



blood, so that in those cases it is not the formation, but onlv 

m 

the excretion which is arrested. Dr. Porcher savs that in 
some of the urines in the Charlcsston vellow-feTer epidemic of 
1S46 there was an entire abMbCnce of urea. But this statement 
must be taken with a certain degree of reserre, as his mode 
of analysis was not sufficiently delicate to admit of his detect- 
ing small quantities of urea. 

Most of the patients died with symptoms of urx^mic poisoning. 

Uremia. 

ITnemic poisoning is a subject of such grave importance to 
the Medical man that I must say a few words r^rarding it. 
There can be no doubt that urea is a powerful irritant poison. 
WTien injected into the veins of animaJ.s it rapidly induces 
&tal convulsions. It is not necessary, as some have imagined, 
that the urea should be decomposed in the blood in order to 
produce its toxic effects. On the contrary, I believe that urea 
is a fsir more dangerous poison than the substance into which 
it is decomposed, namely, the carbonate of ammonia. Both 
are, however, poisonous, and they firequently manifest their 
action together, for although we may, perhaps, have unvmio 
without ammoniacal poisoning, we cannot have the latter, as 
the result of disease, without its being in some measure asso- 
ciated with the former. 

True uraemia depends on the arrested elimination of the 
poisonous material by the kidneys ; true anmiona^mia on the 
re-absorption into the circulation of the decomposed secreted 
product. 

"Crffmia mav occur in the course of anv disease in whicli 
suppression of the renal secretion takes place. It is therefore 
superfluous to specify the diseases in which it may occxir by 
name. 

Carbonate of ammonia poisoning occurs in its least com- 
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plicated form in those cases where the urea, although secreted, 
is retained in the urinary passages until it is decomposed, and 
the products of its decomposition are re-absorbed into the 
blood. Just as was formerly said (p. 22) the normal ingre • 
dients are re-absorbed from the bladder, when from any 
cause the urine is retained for some length of time in that 
viscus. The conditions under which it most commonly 
occurs are therefore : — 

1st. Sacculated kidneys. 

2nd. Dilatation of the ureter and pelvis of the kidneys. 

3rd. Renal abscess. 

4th. Paralysis of the bladder. 

5th. Enlarged prostate with retention. 

6th. Stricture with retention ; or, indeed, retention from any 
cause whatever, — all that is required to induce ammona?mia 
being the retention of the urine in the body sufficiently long 
to allow of the decomposition of its urea. It is quite sur- 
prising, indeed, in how very short a time retained urine 
may become ammoniacal. (c) 

In Mr. Marshall's case of exfoliation of the bladder, which has 
during the last year given rise to so much discussion, the urine 
contained such an abundance of carbonate of ammonia that it 
effervesced exactly like a seidlitz powder when I added to it 
a few drops of acid. 

The symptoms which distinguish ammonaimia from simple 
urajmic poisoning have been recently carefully pointed out by 
Jacksch (1860). 

In ammonsemia the urine is ammoniacal when passed. 
The breath and perspiration are ammoniacal. The mucous 
membrane of the mouth is dry and shining. The complexion 
is sallow, and there is increasing emaciation. No dropsical 



(c) Urine becomes much more rapidly ammoniacal in than out of the 
body, in consequence of the animal warmth favouring its putrefaction. 
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symptoms are present. Convulsions are rare, but intermittent 
ague is frequent. Moreover, although in the acute form of the 
disease both vomiting and diarrhoea may occur, in chronic 
cases, which are much more common, these symptoms are 
always absent. Death is in general preceded by coma, varying 
from a few hours to several days in dxiration. 

It is thus seen that the symptoms, as well as the pathology 
of ammonaemia, present striking features of difference to those 
of pure urcemia. The most characteristic of the latter being 
the vomiting, and diarrhoea, the convulsions, and coma. The 
treatment of the two cases is in several particulars equally 
different. , 

In the first place, ammonsemia arising, as it generally does, 
from directly remediable causes, is much more frequently under 
our control than uraemia. For example, when the ammo- 
naemia is due to the simple retention of urine in the bladder 
repeated catheterisation is usually followed by a speedy cure. 
In no case is uraemia within the reach of instrumental inter- 
ference. Its most remediable form is when it arises from some 
temporary incapacity of the kidneys to perform their office ; 
as in suppression of the urine after scarlet fever, or in idio- 
pathic nephritis. Here we can do good by relieving the con- 
gestion of the kidneys by cupping or leeching the loins ; and 
when the patient is too weak for such active measures, by the 
application of dry cupping-glasses, poultices, and the free use 
of the air-bath. In most other particulars, the two diseases 
are to be treated alike ; and when neither offers us a chance of 
permanent cure we can in general alleviate the sufferings, and 
prolong the life of the patient by reducing the formation, as 
well as by hastening the elimination of the urea. This may 
be accomplished by a proper selection of food and medicine. 

The remedies which enable us to control the formation, and 
hasten the elimination, of urea are the following : — Whenever 
there is an excessive tissue waste, as indicated by an augmented 
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excretion of urea, without any very apparent cause, the citrate 
of quinine and iron appears to be a most useful remedy. 
Sigmund has observed that digitalis diminishes the elimina- 
tion of urea ; and Kletzinsky, that benzoic acid has a similar 
effect, but in a much greater degree. The last-named observer 
states that the daily excretion of urea may actually be reduced 
to 2*5 grm. (38*75 grains), by benzoic acid, in the short space 
of twenty-four hours. The acetate and phosphate of soda, as 
well as colchicum, act in a similar manner (Parkes). On the 
other hand, we have several remedies which increase it. 
Thus, Sigmund found that cubebs and cantharides have this 
effect ; and Parkes has noted that atropine augments its 
elimination. If we wish to diminish the urea by means of the 
diet, all that is necessary is to administer arrowroot, sago, 
tapioca, and other such starchy foods, well sweetened with 
sugar ; and when a more nourishing diet than this is demanded, 
cream, cod-liver oil, or any other fatty matters that may be 
considered suitable to the particular case, will have an equally 
good effect in reducing the amount of urea. On the other 
hand, when it is deemed ad\T.sable to increase it, animal soups, 
eggs, milk, jellies, and other nitrogenised matters, together 
with a fair portion of common salt, will answer the purpose. 
To these may be added coffee, but without sugar. 

In concluding my remarks on urea, I have to remind 
you how useful a knowledge of its daily excretion is in 
prognosis. Thus, it will have been gleaned from what has 
already been said regarding the amount of urea in the urine 
during the course of disease, that if, in cases of fever, such as 
typhoid and typhus, or of the exanthemata, such as small- 
pox and measles, or of inflammatory affections, such as pneu- 
monia and meningitis, a decrease in the daily elimination of 
urea is observed, it may be regarded as a most favourable sign 
for the prognosis ; for no sooner does a change for the better 
take place in these affections, than an immediate diminution 
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in the amount of the urea is observable. During con- 
valescence, the quantity is frequently below the normal 
standard. Whereas, in cases tending to a fatal termination, 
even in spite of the true febrile symptoms having passed 
away, the daily excretion of urea still remains high. Hence 
this sign may be a valuable and truthful guide when all 
others fail. If, on the other hand, in those diseases in which 
the excretion of iirea is known to be abnormally small, such, 
for instance, as paralysis, cholera, or the different forms of 
albuminuria, an increase in its amount during the course of 
the case is noticed, it is an equally favoxirable sign for 
the prognosis ; while, on the contrary, any further reduction 
in the amount of the eliminated urea cannot be otherwise 
regarded than a most untoward event, as, even when the other 
symptoms have improved, it is an almost infallible index of 
approaching danger. 

Method of Estimating the Amount of Urea. 

All that now remains for me to do is to show you the 
quickest and best method of ascertaining the quantity of urea 
contained in any given specimen of urine. This I believe to be 
Liebig's method, — for the employment of which furnish your- 
selves with the two following solutions, and prepared paper : — 

Ist. Liebig's standard solution of the proto-nitrate of 
mercury, (d) 

Dissolve in strong nitric acid by the aid of heat 77*2 grammes 
(1196*6 grains) of dry oxide of mercury, sufficiently pure to 
leave no residue when volatilised on a platinum spatula. 
Evaporate the solution to the consistence of a syrup, and then 
dilute it up to 1000 cubic centimetres with distilled water. 



(d) The standard solutions are to be obtained from Schacht and Hilgen- 
berg, 38, Hoiindsditch ; Bullock and Reynolds, Hanover-street, Hanover- 
square. 
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If any precipitate of basic salt should form, add a drop or 
two more of the acid till it is re-dissolved. One cubic centi- 
metre of this solution precipitates O'Ol gramme (O'lo grain) 
of urea. 

2nd. Baryta solution. 

Mix one part of a cold saturated solution of nitrate of 
baryta with two parts of a cold saturated solution of caustic 
baryta, and then reduce the mixture to one-half its strength 
by adding an equal amount of distilled water. 

3rd. Impregnate a sheet of ordinary white filter paper with ' 
a saturated solution of €arbonate or bic£irbonate of soda ; dry, 
and cut it into strips six inches long and one inch broad. 
These may be kept in readiness in a wide-mouthed, stoppered 
bottle. 

The next point is the requisite apparatus, the whole of which 
is represented in Fig. 8. 

By using the above apparatus and proceeding in the manner 
I am now about to show you, one can easily make a quantitative 
analysis of urea in ten or fifteen minutes. I need not waste 
your time by explaining in what the superiority of the mode 
of procedure consists, as those who are in the habit of making 
these analyses will at once observe its practical advantages ; 
while to those to whom the subject is new, it signifies not 
whether it is precisely the same or totally different from the 
ordinary methods, so long as it is the quickest and best. 

Fill glass ^ as I now do to overflowing with urine ; empty 
it into one of the conical (C) glasses ; again fill it to overflow- 
ing with the baryta solution, which will precipitate all the 
sulphates and phosphates, and add it to the urine. Stir the 
mixture well, and then leave it for a few minutes at rest, 
while you take a filter, fold it in four, moisten it with dis- 
tilled water, and insert it into the holder (D) placed over the 
other conical glass. Having done this, pour the mixture of 
urine and baryta solution into it, and while the filtering is 
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going on fill one of the Burettes (BJ with. Liebig's stan- 
dard solution to the leyel of the first graduation. Place ready 
on the stand one of the soda papers. 

Fig. 8. 




J. A glass measure holding exactly twenty c.c. when full to overflowing. 

B. A stand containing two Burettes graduated in cubic or half cubic 

centimetres, 

C. C. Two glasses, made si)ecially of a conical form, in order to act as a 

support to 

D. A glass filter-holder, like a candle ornament, only larger. 

E. A filter. 

You perceive that a considerable quantity of pure liquid 
has now filtered through the paper. You need not wait 
till the whole has passed through, but at once fill the 
A measure with the filtrate to overflowing, throw away the 
remainder, and return these 20 c.c. of mixture, which of 
course contain 10 of urine, to the glass. Now add to it 
a few drops of nitrate of silver, in order to precipitate the 
chlorides, for as long as any soluble chloride is present the 
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nitrate of mercury will give no precipitate with, iirea. (Many- 
do not remove the chlorides unless they are in large quantity, 
as in ordinary cases they can scarcely be considered to inter- 
fere with the experiment.) I now add a drop or two of car- 
bonate of soda solution to the liquid, in order to be perfectly 
sure that it is alkaline — in acid solutions the precipitate of 
mercury and urea (NOg,Ur + 4HgO) does not form — and at 
once proceed gradually to add to it the standard solution until 
all the urea is precipitated, and there remains a slight excess of 
the standard solution in the liquid. This is known by a drop 
of the mixture producing a yellow stain on falling on the soda 
paper. "Whenever this coloration is detected, the analysis is 
completed, and the quantity of urea in t^e twenty-four hours' 
urine is ascertained by the following calculation ; — You per- 
ceive that we have used 50 c.c. of the standard solution to 
precipitate the urea in 10 c.c. of urine, and 50 c.c. of the 
standard solution is equal to 0*5 gramme (7*5 grains) of urea ; 
consequently as the patient passed 800 c.c. of urine in the 
twenty-four hours, we multiply the 800 by 0*5, and divide the 
result by 10, the quantity of urine angdysed. The product 
represents the quantity of urea excreted in the twenty-four 

hours. 

800x0-5 



10 



= 40 



namely, 40 grammes (620 grains). 

N.B. — Albuminuria. — In albimiinous urine the urea cannot 
be estimated tiU after the albumjen is removed. In order to 
do so, acidulate the quantity of urine to be operated on with 
a few drops of acetic acid. Boil it rapidly for a minute or 
two over the spirit lamp, and then place it aside to cool. 
When cold, the coagulated albumen will be found deposited 
at the bottom of the vessel, and the clear supernatant liquid 
can either be filtered or decanted. It is now ready to be 
operated upon as above. 
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Albumen may also be separated from urine by passing the 
liquid through a filter filled with crystals of sulphate of soda. 
These have the power of arresting the albumen. 

Diabetes. — The presence of sugar in the urine in no way 
interferes with the analysis of urea. 

Mucus. — When urine contains a large quantity of mucus or 
other deposit, only the clear supernatant liquid is to be em- 
ployed in testing for urea. 



LECTURE IV. 

URIC ACID : ITS CHEMISTRY. PHYSIOLOGY, AND PATHOLOGY ; 
ITS PRESENCE AND SIGNIFICANCE IN DISEASES OF THE 
HEART, LUNGS, LIVER, SPLEEN, AND KIDNEYS, IN GOUT, 
AND SOME OTHER DISEASES, AND AS SAND, GRAVEL, AND 
CALCULI. 

Uric Acid CjoH^N^Og; atomic equivalent, 168. 

Chemistry. 

Uric acid is a white crystalline, feebly-acid, (a) tasteless, 
organic substance ; insoluble either in alcohol or in ether, and 
only sparingly soluble in water. 2000 parts of hot, and 
11,000 parts of cold water are required to dissolve one part of 
uric acid. It is readily soluble in strong sulphuric acid, with- 
out undergoing decomposition, as may be proved by its speedy 
re-precipitation on the simple addition of water. 

By dry distillation uric acid is transformed into urea, 
cyanuric acid, hydrocyanic acid, carbonate of ammonia, 
aloxan, and an oily coal. Uric acid unites with bases, such 
as soda, potash, and ammonia, and forms with them crystal- 
line urates. 

Both uric acid and its salts are easily recognised by yielding 
the beautiful purpurate of ammonia (murexide of Liebig) 
when treated with nitric acid, and ammonia. The best way 
of applying the test is as follows : — Place a little of the 



(a) It is so feebly acid tliat it is unable to redden litmus. 
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suspected substance on a platinum spatula or piece of white 
porcelain, moisten it slightly with strong nitric acid and heat 
the mixture gently over a spirit lamp, till the excess of acid is 
driven off. If uric acid or any of its salts be present the dry 
mass assumes, on the addition of a few drops of liquor am- 
monia), a brilliant crimson colour, and on the addition of 
caustic potash a purplish blue tint. 

In employing this test the only substances likely to be mis- 
taken for uric acid are tyrosine, hypoxanthine, and xantho- 
globuline, which, according to Scherer, gave a similar reaction. 
With these substances, however, the colour is more of a 
yellow than a red, and after incineration there is left a black 
glistening stain on the platinum whereby they are distinguished 
from uric acid. Caffeine is said to give the murexide reaction, 
but it is a substance not likely to be confounded with 
uric acid. 

Seeing that the murexide test is not always to be relied on 
in the presence of tyrosine, hypoxanthine, and xanthoglo- 
buline, Schiff recommends freshly precipitated carbonate of 
silver to be employed. Nitrate of silver precipitated by car- 
bonate of soda, one c.c. of which gives a grey colour with 
TTdooth gramme of uric acid. As chlorides and phosphates 
disturb the reaction, a few drops of nitrate of silver are to be 
added to the suspected liquid, quickly filtered, and then the 
carbonate of soda solution added ; the quantity of carbonate 
of silver precipitate ought not to be too great. 

The reaction can be easily sho-vsTi on filter paper in the 
following manner : — Dissolve a little luric acid in carbonate of 
soda or potash, put a drop or two on paper, and add nitrate of 
silver, a distinct grey stain instantly appears, thereby indi- 
cating the presence of uric acid. Tannic acid is the only other 
substance which gives the grey colour with carbonate of silver, 
and it can be distinguished from uric acid by the chloride of 
iron turning it black. 
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Quantitative Analysis. — ^To two hundred cubic centimetres 
(6*45 oz.) of urine add twenty c.c. of strong hydrochloric or 
nitric acid, (b) Stir the mixture, and set it aside in a cold 
place for twenty-four or thirty-six hours. By the end of this 
time the uric acid will have crystallised at the bottom, on the 
sides, and at the surface of the liquid, which w^l have assumed 
a dark colour in consequence of the liberation of the urohie- 
matine by the acid. Collect the crystals on a small filter, wash 
them slightly with alcohol, acidulated with a few drops of 
hydrochloric or nitric acid, dry and weigh them. 

The amount found is the quantity of uric acid contained in 
200 c.c. of urine. In order, therefore, to find how much has 
been passed in the twenty-four hours, we say if 200 c.c. of 
urine contain x grammes of uric acid, what will 1000 c.c. of 
urine (or the amount passed in the twenty-four hours) 
contain ? 

^ ^ = to the quantity of uric acid passed in 24 hours. 

200 H ^ 

We have next to consider the physiological and pathological 

relations of iiric acid. 

Physiology. 

Uric acid is found in the liquid urines of the omnivora and 
camivora, as well as in the solid urines of serpents, birds, and 
insects. Almost the only urine in which uric acid does not 
occur is that of the herbivora. It exists in urine, combined 
with soda, potash, and ammonia. Its quantity varies greatly 
in the urines of difierent species of animals. For example, 
while that of serpents is almost entirely composed of it, that 
of the camivora contains but a very small proportion. (c) 

(b) Thudichum prefers the nitric, as uric acid is bxen less soluble in it 
than in hydrochloric acid. 

(c) I have frequently found it absent from dog's urine, when the 
animals were entirely flesh fed. In these cases the urea was always very 
abundant. 



Human arine stands between the two ; but even in it the 
qoaatitr of uric acid seldom exceeds one part per 1000 
(Lehmaim). Its relative proportion to that of urea is generallv 
put down as 1 to 30. 

During health uric acid is nerer absent from human mine, 
though the quantity varies very much according ta the kind 
of food. In disease there is occasionally none to be detected. 

Quantity of I'rk Acid passed during Twenly-faur Hours by 
UeaUhy Adults. 

Animal , 1-478 = 22-9 1-260 = 19-3 

Mixed . . M83 = 18-3 0-756 = 11-7 

Vegetable. . 1'02I = 15-3 0-500= 7-7 

Non-nitrogenised 0-735 = 11-3 0-340 = 6-37 

The above tables show that the quantity of uric acid daily 

excreted is greatly iniiuenccd by our food. It further appears 

that the amoiuit depends on conditiona analogous to thosf 

influencing the quantity of urea. 

It will be observed that, although the relative proportion of 
uric acid passed by Lehniann and myself on different diets is 
tolerably uniform, yet the absolute amount is quite different. 
The same law seems to be applicable to uric acid as is appli- 
cable to urea, namely, that the daily excretion is mneh in- 
fluenced by national peculiarity. 
The following table illustrates this : — 

Germans . . O'SSO = 14-554 Kemer. 

Englishmen . 0'763 = U'TOZ The Author. (d) 

Frenchmen . O-.ilO = 7-905 Becquecel. 

(d) forkflH putd thd mum uf luic lurid poascd by ndulCa during the 
twenty-four houra at *)'^^ gnuiuaea = d ^G ^fnJiks, taid the propurtuRi u 
O-teS tor ererj pound of bodU; waigkt 
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While the influence of the kind of diet on uric acid and 
urea is much the same, that of the kind of drink is very 
different. Thus, port wine and beer increase the elimination 
of uric acid, whereas tea and coffee diminish it, which is the 
reverse of what happens with urea. 

It is curious that the urine of human infants while at the 
breast is devoid of uric acid (Bird), while that of sucking calves 
possesses it (Wohler). It seems, indeed, as if the natural order 
of things was reversed, for infants* urine is said to contain an 
excess of hippuric acid, and calTs urine none. Some may 
doubt the fact regarding the absence of uric acid from the 
urine of the human infant on account of the circumstance that 
uric acid calculi are not at all uncommon in very early life. 
This, however, arises from pathological conditions of the 
system, while the other is supposed to be due to physiological 
states. I have twice tested infants' urine — one aged ten days, 
the other eight weeks — for uric acid, and found none. 

Climate has a most striking effect on the quantity of uric 
acid passed in the twenty-four hours. Nearly double the 
quantity is excreted in winter as in summer. Dr. G. Pringle, 
while working in my private laboratory, found that he passed, 
during simimer, 0*734 grammes (11*37 grains) of uric acid in 
the twenty-four hours ; and during winter, 1*39 grammes 
(21*54 grains). 

The seat of origin of the uric acid in the animal economy is 
still a question suhjudice. One thing is, however, certain, 
namely, that it is not formed by the kidneys ; in fact, I don't 
believe that the kidneys form any of the substances they excrete. 

Uric acid, like urea, can be detected in the blood, but 
whether or not it is formed in the circulation or in the tissues 
it is exceedingly difficult to say. It has been detected in the 
brain, liver, lungs, and spleen, and, as it occurs in the spleen 
in the greatest quantity, many regard that organ as the chief 
seat of its formation. I may add that, like urea, its source 
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appears to be twofold ; first, the disintegration of the nitro> 
genised tissues ; and, secondly, the transformation of the 
excess of albuminous food. 

Urea appears to stand in relation to uric acid as a substance 
belonging to a higher grade of metamorphosis ; for whatever 
accelerates oxidation increases the amoimt of the eliminated 
urea, and diminishes that of the eliminated uric acid ; while 
whatever interferes with oxidation decreases the urea, and 
increases the uric acid in the urine. It has already been 
shown that urea can be artificially formed from uric acid out 
of the body, (e) as well as that uric acid is convertible into 
urea in the body of the rabbit. It may be here added that 
Stockris has found that the same thing occurs in the human 
body, (f) 

Although, as before said, uric acid is always present in 
normal human urine, it is never spontaneously deposited from 
it in a free state. And this arises from the circumstance that 
all the uric acid in healthy urine is combined with alkaline 
bases in the form of soluble salts, urate of soda, urate of 
potash, and urate of ammonia. 

In normal urine these salts are all in a state of solution. 
But whenever from any cause they chance to be in excess, or 
the water of the urine to be in diminished quantity, they are 
deposited in an amorphous state, and as slich commonly 
receive the name of urates or lithates. Bird, Bowman, and 
mostly all the writers of their time, thought that urates con- 

(e) Ranke obtained urea from uric acid by simply acting upon it at a 
high temperature with alkali in presence of a ferment. 

(f) In order to ascertain whether uric acid becomes transformed into 
ui-ea in the human body, Stookris, whilst maintjiining a uniform diet, 
took several di>ses of urates, carefully determining before aud after the 
experiments the amounts of mic acid and urea in the urine. He con- 
cludes from the results obtained,- tliat uric acid becomes metamorphosed 
into ureawiihin the organism, and the seat of the metamorphosis ho 
believes (from experiments on the liver of animals) to be the liver. — 
Donders, v. Berlin, vol. ii., part iii., p. 260. 
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sisted in general of the urate of ammonia. Liebig, Heintz, 
and Lehmann liaye, however, shown that they most frequently 
consist of the urate of soda, which is readily distinguished 
from the urate of ammonia by its much greater solubility. If, 
for example, a small quantity of urine containing the deposit 
be put into a test tube, and a gentle heat applied, as soon as 
the temperature of the liquid gets up to, or a little beyond 
that of the human frame (100° F.), the sediment, if consisting 
of the urate of soda, is re-dissolved, and the urine becomes 
quite clear. If, on the other hand, the deposit be composed 
of the urate of ammonia, the liquid requires to be heated to 
near the boiling point before the sediment entirely disappears. 
On rising in the morning, if I find a deposit in my urine, I 
can in general readily tell whether or not it is composed of 
the urate of soda by observing if it disappears on the addition 
of the warm, freshly-passed urine. 



Pathology. 

Deposits of urates are of a yellow or pink colour, accord- 
ing to the amount and kind of urohamatin present in the 
liquid. The higher the colour the more febrile the state of 
the body. At one time their presence in the urine was re- 
j2jarded as a sign of the crisis of disease, and hence they 
received the name of critical discharges. Modem investiga- 
tion has, however, proved that they cannot always be looked 
upon in this light, as they may also appear under a variety of 
conditions, which, although abnormal in themselves, are 
not truly diseased states, according to the usual meaning 
of the word. Thus, for example, urates may be deposited in 
the urine after a slight attack of indigestion, the result of 
over eating or drinking. Great exertion, especially if accom- 
panied by profuse sweating, will also cause them to appear. 
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Hence we find them present in the urine after a fatiguing 
walk, a long day's hunting, or even after a ball, or other such 
occasional amusement, especially if it has been associated with 
much mental excitement. Hard study, and even a fright will 
in some persons be followed by a deposit of urate of soda. A 
sudden change in the mode of life is a very common cause of 
their appearance, as, for example, confinement in town to 
country people, or a few days* residence in France to an 
Englishman unaccustomed to French dishes. Under none of 
these circumstances can the deposit be said to indicate a state 
of disease. It does nothing more than denote a temporary 
abnormal condition of system which may soon disappear with- 
out treatment. If, however, the deposit, instead of being 
merely temporary, lasts for some days, that of itself would 
denote that something more than a mere ephemeral derange- 
ment of the system is present, and may deserve immediate 
attention. A deposit in the urine is always a sign of some- 
thing being wrong, and although, as we have seen, it may 
occur from very trivial causes, whenever it takes place with- 
out appreciable cause, in the otherwise apparently healthy, it 
is a sign not to be disregarded, as, under such circumstances, 
it is not unfrequently either the forerunner or associate of 
gravel or stone. Uric acid in some form or other is the com- 
monest ingredient of all calculi, and there is no period of life 
exempt from them. 

Urates are a very common deposit in the course of acute 
disease, and they even seldom fail to recur at some period or 
other in the course of chronic affections. It is, however, only 
in diseases of an acute febrile or inflammatory type that their 
sudden appearance can be regarded as indicative of a crisis. 
Their sudden appearance is due to an important change 
having occurred in the condition of the patient, and in general, 
though not always, it is a change for the better. Such, for 
example, is observed to occur in cases of gout and rheumatism 
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where the climax has been reathed. So also in pneum<»iiB 
aiid pleurisy when re-solution and absorption commence. 

Should a patient, not labouring under any febrile or inflam- 
matory affeetion, be ei'ery now end then trouWcd with a pink 
deposit in the urine without amy assignable cause, it will be 
found, in almost nine cases out of ten, that he is suffering 
&oni some chronic affection of the heart, liver, or spleen, with 
which is associated a tendency to gravel. In all such cases, 
therefore, steps should immediately be taken to cuunteract 
this disposition by the administration of alkaline tonica. 
Should there, howerer, be any counter-indication to the direct 
alkaline treatment, those acid salts are to be employed which, 
during their passage through the body, are converted into 
alkaline tarhtaiates— such, for example, as citrates, tartrates, 
lactates, and acetates. Every now and then an exceptional 
case may ariae, where a mineral acid tonic is demanded, under 
such circumstances the above rule may be departed &ora, and 
the case treated according to its special requirements. 

It not un&equently happens that there are crystals of free 
uric acid scattered among an amorphous deposit of urates. 
This is more frequently the ease in the course of chronic than 
of acute affections, and generally arises from there being an 
excess of acid in the urine which has combined with some of 
the alkaline base and set a portion .of the uric acid free. 

The crystals of uric acid foriQ on the bottom and sides erf the 
vessel as the urine coola, and, if large, they may be readily 
detected by the naked eye, in ecaisequence of their yellow, 
red, or brown colour. Uric acid, like urea, when crystallised 
in utiue always takes up a part of (he uroha:matino or any other 
i'olouring matter that may chance to be present. So that, the 
paler the urine, the leas coloured are the crystals ; the darker 
the urijie the more coloured the crystals. In abnormal urines 
containing blue, black, or sai&on- coloured pigment, the uric 
acid crystals are blue, black, or yellow ; as in these Tarioualy- 
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coloured specimens now before you. The crystals are easily 
recognised by the naked eye if the urine be put into a wine- 
glass and the deposit allowed to fall to the bottom. 

Uric acid is not necessarily in excess when it crystallises 
spontaneously— though that is the general rule. It has just 
been said that an excess of free acid induces its crystallisation. 
I may now add that it is also deposited when from any cause 
the proportion of alkaline base is abnormally diminished. This 
arises from the circumstance that uric acid is much less 
soluble than any of its salts, even the urate of ammonia 
included. 

The daily amount of uric acid excreted varies very consider- 
ably in disease. It is generally in excess during the course of 
all fevers (yellow fever excepted), exanthematous affections, 
and inflammatory diseases. It has been found doubled in 
typhus (Parkes), greatly increased in small-pox, as well as 
considerably augmented in pneumonia. In certain diseases 
crystals of free uric acid are spontaneously deposited in the 
urine. This is more particularly the case in hepatic, cardiac, 
and splenic diseases. 

In liver affections there is frequently a spontaneous deposit 
of free iiric acid among the amorphous urates, which, as already 
said, are so common in those affections. This is more particu- 
larly observable in cancer of that organ, in which case, too, the 
uric acid is generally in excess ; — a fact frequently made use 
of in diagnosis, for in non-malignant hepatic disease, especially 
towards its latter stages, the uric acid is found to be remark- 
ably diminished. I had once an admirable opportunity of 
verifying this statement in a fatal case of jaundice, about 
which there was some difference of opinion as to its cause, 
some of the Medical attendants thinking it a case of cancer ; 
others of non-malignant obstruction, — the latter view being 
greatly supported by the fact of there being no excess of uric 
acid in the urine. This case I had the opportunity of care- 
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fully watching to its termination, and, gradually, as the liver 
ceased to perform its normal functions, the uric acid diminished , 
until it at length totally disappeared from the urine, (g) 

Tw+A Quantity of iirine Quantity of uric acid 

^^^' in 24 hours. in 24 hours. 

oc. oz. grammes, grains. 

November 4 . 1705 = 65 0-511 = 7*920 

December 1 . 1333 = 43 0-266 = 4-123 

„ 12 . 1023 = 33 None. 

In leucocythemia a great excess of uric acid is said to occur. 
It even occasionally happens that a spontaneous deposit of free 
uric acid occurs in the course of chronic bronchitis, emphy- 
sema, and phthisis. This is supposed to be in consequence of 
the uric acid in the blood being imperfectly oxidised into urea. 

It will be remembered that it was already said that iu:ea to 
some extent comes from the direct oxidation of uric acid in 
the circulation, and therefore, whatever retards oxidation tends 
to diminish the quantity of urea and increase that of uric 
acid. Hence it is that in all cases of disease attended with 
imperfect arterialisation of the blood the urea is diminished, 
and the uric acid increased. There are, of course, exceptions 
to this rule ; in December, 1859, Mr. Murray sent^me some 
urfne from a case of acute phthisis in which there was both 
an excess of iu:ea and of uric acid. 

In certain pathological states of the system the quantity of 
uric acid excreted is occasionally so great that the simple 
addition of nitric acid to the urine causes an instantaneous 
deposit to occur ; a deposit which, as Beale justly remarks, is 
apt to be mistaken for albimien. On one occasion I obtained 
a copious deposit of amorphous uric acid from the urine of a 
young man aged 19, suffering from pneumonia of the right 
side. It was on the eighth day of the disease, and the first 

(g) A full report of this case is given in the author's work on Jaundice 
and Diseases of the liver and Pancreas, p. 71. 



of the It-appearance of the ohloritles. I have observed the 
aame thing in phthisis, Rees haa notieed it in tj'phoid, Faikes 
in typhus, and Beale has also obtaiiied these uric acid pre- 
cipitates in a case of hydatid tumour of the liver, and in one 
of a man suffering £rum rheumatic fever. 

Free uric acid is in general very readily recognised with the 
microscope, for although the crj'stala assume a multitude of 
fotms, each form is well detined. 

Fig. 9 shows the forms of uric acid most frequently met nith. 
Fig. 9. 




The cr)-stals may be well -Jii ark ed diamond-shaped plates, 
rounded lozenges, ovals, squares, or rods. They may be per- 
fectly solid or composed of coudensed bundles of needle- 
shaped crystals, which are occasionally &ee at the ends and 
cause the crj'stals to resemble, in some degree, a small-toothed 
comb or a scrubbing brush. 
All uric acid crystals polaiiae, but the play of colours is 
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best seen in the tliin flat plates. Indeed, it ii 
iieeeasKTy to place a piece of selenite beneath the shde con- 
taining the eiystale in order to get the polarised colonra dis- 
tinctly. 

When a difficulty arises tegerding the chemical nature of a 
erj-atal. in consequence of it haying asBumed en unusual form, 
add a drop of caustic potash, and after the crystal has become 
dissolved, neutralise the solution with a little hydrochloric 
acid, and most probably the uric acid will re-crystalllae in 
one of the more common forms. I iind the colour alwaj'S a 
great aid to the diagnosis, for no crystals are so prone to take 
up the colouring matter of the urine as those of uric acid. 
Indeed, by far the majority of crystalline substances met with 




n human urine are perfectly colourless, even when crystallised 
n highly coloured urine. 
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The subjoined woodcut (Fig. 10) contains all the rare forms 
of uric acid crystals I have ever met with, and I think I maj 
even venture to affirm that the types of all the various forms 
of uric acid are represented in these two woodcuts (Figs. 9 
and 10). 

a and b in Fig. 10 are not very imcommon. They are 
often to be met with in the urine of patients labouring imder 
hepatic disease, more especially those in which there is a 
tendency to gravel or stone, c are rare. They look like old- 
fashioned arrow-heads. Those represented were sketched 
from a spontaneous deposit in the urine of a gentleman labour- 
ing under diphtheria. On one occasion they had a blueish-purple 
tint, d is the rarest of all the forms of uric acid ; I have 
only once or twice met ^dth it. Those given were sketched 
for me by Mr. Alexander Bruce, and are most faithful repre- 
sentations of the crystals, the true nature of which was ascer- 
tained by chemical analysis. These crystals were spontaneously 
deposited in the urine of a boy aged 7 years (Hospital case) 
suffering from albumenoid disease of the liver, spleen, and 
kidneys. 

Both liver and spleen were excessively enlarged, and the 
urine was highly albuminous. This leads me to remark that 
the presence of albumen influences to a certain extent the 
form of crystalline iirinary deposits, especially those of uric 
acid. Crystals of uric acid are frequently deposited round 
tube casts and masses of epithelium. Sometimes they appear 
in the form of rows, as if they had been deposited in one of 
the tubuli uriniferi, and afterwards floated out with the urine. 
This is not at all improbable, for be it remembered that, under 
certain pathological conditions which in this country are, 
\mfortunately, far from rare, deposits of uric acid, either free 
or combined, take place in all parts of the urinary passages— 
in the urethra, in the bladder, in the ureters, or in the kidneys. 
The deposit may occur in the form of sand (as seen in this 
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beautiful wax model), as gravel (as represented in this drawing), 
or as calculi (as seen in this preparation). 

Uric acid calculi, although most common in early life, may- 
occur at all ages from birth upwards. 

Infants have been bom with stone in the bladder. Here are 
three well-formed calculi, as large as barleycorns, that were 
foimd by Mr. Shepherd, of Great Portland-street, in the right 
kidney of a child aged ten months, about the cause of 
whose death I was consulted by the coroner in consequence of 
her having died suddenly after drinking some porter. 

This, on the other hand, is the kidney of a gentleman over 
60 years of age, and it contains n^ less than fifty-nine small 
stones, mostly, as you see, about the size of garden peas. 
Curiously enough, the right kidney contained none, nor was I 
able to detect any in the bladder. In both this case and that 
of the child the calculi consist of uric acid. 

Uric acid are the most common of all calculi. Of one 
himdred and twenty-six of the calculi in the museum of 
University College analysed by me a few years ago, eighty- 
seven consisted of uric acid either in whole or in part. 

As regards the treatment of uric acid calculi, I may here 
say a few words. 

When the calculus is in the urethra or bladder, cutting or 
crushing, if the condition of the patient admits of it, ought 
immediately to be had recourse to. But when the calculus is 
in the ureter or kidney, it is unfortunately beyond the reach 
of any instrumental interference ; and in the majority of such 
cases, if the stone be large, incurable. Should, however, the 
case be seen in the early stage, it is in our power, not only 
to arrest any further deposit, but even, by suitable remedies, 
to some extent, re-dissolve what has already formed, more 
particularly if it be in the shape of sand. When, however, 
a large solid stone has formed, palliation, not cure, is all that 
can be hoped for. 
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The remarks now made are limited entirely to uric acid 
calculi ; for, as you will afterwards see, there are some calculi 
of so soluble a nature as to admit of removal by dissolution 
even when in an advanced stage of formation. 

Various remedies have been resorted to with the view of 
retaining any excess of uric acid in a soluble state until after 
its expulsion from the body. Carbonate of soda has been much 
used for this purpose, also the bicarbonate of potash, and more 
recently the carbonate and citrate of lithia. Each of these 
remedies is useful, as, indeed, all alkaline carbonates are, with 
the exception of that of ammonia. The carbonate of am- 
monia should be avoided in the uric acid diathesis on account 
of the salt which it forms being much less soluble than any 
of the others. 

In treating cases of uric acid deposit, it is imnecessary to 
render the urine more than neutral. Indeed, there is a danger 
in making it alkaline from the circumstance that phosphates 
have a great tendency to form round uric acid calculi (as is 
seen in these twelve specimens of various shapes and sizes 
now on the table), and whenever the urine becomes artificially 
alkaline, although the deposition of uric acid is interrupted, a 
deposit of triple phosphates takes its place. The stone, there- 
fore goes on forming as rapidly as before, the only difference 
being that its nature is changed. 

In cases where the alkaline carbonates are counter-indicated, 
citrates, tartrates, or acetates may be used in their stead, for 
the reasons before given. Some have imagined that uric acid 
gravel only appears in urine of the well-fed and corpulent. 
This is a great error. It equally occurs in that of the poorly 
nourished and emaciated, the only difference being that it is 
more common among the former than among the latter. In 
this urine, you perceive, there is a copious deposit of \u-ic 
acid. The bottom of the glass looks as if it had been 
sprinkled over with a layer of yellow sand ; yet this is the 
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urine of a delicate, anaemic lady, with a miserable appetite. 
In her case the deposit appears to be hereditary — at least, her 
father is said to have suffered from gravel. 

The most remarkable illustration, however, that I can give 
of the truth of the above statement is furnished by the sand 
and gravel in this paper, which was passed by a patient of Mr. 
Kamsbotham, of Amwell-street. The gentleman who passed 
it was not only out of condition, but was actually on what 
might be called starving diet. The following is the brief history 
of the case, kindly furnished to me by Mr, Ramsbotham : — 

" An officer in the army, upwards of 60 years of age, who 
had seen active service in every quarter of the globe, on his 
return from India by the overland route, deviated from the 
usual track for the express purpose of restoring his shattered 
health in the hydropathic establishment of Prisnitz, in Silesia. 
He remained there some weeks ; but failing to have his 
juvenility restored, he repaired to a rival establishment a few 
miles distant, in which a directly opposite mode of treatment 
was adopted. Instead of using water freely, both internally 
and externally, as in the other establishment, in the latter 
very little food and no water was allowed, so long as the 
patient's strength would permit the deprivation, and then, 
perhaps, only at distant periods would a wineglassful of water 
be given. The urine passed was scanty in quantity, and, when 
simply filtered, left on the paper the powder, of which this is 
a portion." 

On analysis, I found that the powder and small concretions 
consisted of uric acid, and urate of soda, with a very small 
quantity of urate of ammonia. 

Enough has now been said regarding uric acid in excess ; 
we shall therefore turn our attention to the equally important 
fact, that under certain pathological conditions its formation 
is diminished. We are not yet in a position to speak confi- 
dently regarding the nature of all the conditions, but we are 
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sufficiently familiar with the fact that the elimination of uric 
acid by the urine is diminished in the following diseases, and 
that it is to some extent under the control of remedies. In 
yellow (Porcher) and remittent (Parkes) fevers the excretion 
of uric acid is much decreased. In diabetes it is likewise 
found to be reduced to a minimum. Lehmann, indeed, thinks 
that in diabetes it is replaced by hippuric acid ; but although 
I have frequently verified the former, I have as constantly 
failed to confirm the latter statement of Lehmann*s. In the 
case of saccharine urine from injury to the head (p. 51), 
during the first few days there was a total absence of uric 
acid in the man's urine. In albuminuria I have frequently 
found the uric acid greatly diminished, and absolutely wanting 
in two cases. It is said also to be deficient in the urine of cholera. 
In chlorosis, ansemia, and hysteria it is likewise decreased. 
The excretion of uric acid is diminished before the outbreak of 
the paroxysm of gout, but in this case it is known to accumu- 
late in the blood. Dr. Garrod has frequently obtained crystals 
of uric acid from the serum of the blood of gouty patients. 
His method is to take from one to two fluid-drachms of the 
serum of blood, and put it into a flattened glass dish or cap- 
sule, about three inches in diameter, and one-third of an inch 
in depth ; to this is added ordinary strong acetic acid, in the 
proportion of six minims to each fluid-drachm of serum, 
which usually causes the evolution of a few bubbles of gas. 
When the fluids are well mixed, is introduced a very fine thread, 
consisting of from one to three ultimate fibres, about an inch 
in length, from a piece of \mwashed huckaback or other linen 
fabric, which should be depressed by means of a small rod. 
The glass is then put aside in a moderately warm place, \mtil 
the serum is quite set and almost dry ; the mantel-piece in 
a room of the ordinary temperature answers very well, the 
time varying from twenty-four to forty-eight hours, depending 
on the warmth and dryness of the atmosphere. 
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In normal blood the acid occura in Hur:1i small quantity that 
it is scarcely possible to detect it. 

Uric acid has alao been obtained from tlie aerum of a blister 
placed on a gouty patient, hut not when it has been placed 
over the goutily inflamed part (Garcod), Both before and 
during the attack of gout the uric acid la diminished in the 
urine, but no sooner does convalescence begin than it rises 
even beyond the normal atandard. From the twenty-four 
hours' urine of a convalescent patient, who was under Dr. 
Parkea in the University College Hospital, I obtained no leas 
than 1'15 grammes [17'825 grains) of uric acid — double the 
amount the man would probably have paeacd under similar 
circumstances had the uric acid not been retained In hie 
system before and during the paroxysm. 

During the lost two years I have had, at intervals of about 
three or four months, a patient, aged 60, under treatment, 
who has been a martjT to very severe paroxysms of gout for. 
at least, twenty years. All the joints of his hands and feet 
are distorted from depoaita, and he has no less than four well- 
marked concretions of the urate of soda in his right ear. This 
man's urine has been carefully analysed on several occasions, 
ajid the fallowing is a sample of the results. The attack I 
now allade to began on November 15, 1863, was at its height 
on the 21st, and had disappeared on December 10. 



Quantity ■ 
Specific gravity 
Uric acid. 



which waa November IH, and was put upon the following 
mixture:— it. Vini colchici, gss.; hq. potasaie, mvi.; Aquic, 
\ia., M., ter in die. 



inty-four tlotira' Urine 
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It would appear, then, as immediately after the gouty 
paroxysm has passed the uric acid increases in the urine, the 
increase of that ingredient in the course of the paroxysm 
ought to be considered as a favourable symptom. 

The gouty deposits commonly called chalk stones, and 
which are so frequently met with in the ball of the great 
toe, in the joints of the fingers, and in the lobes of the ears 
(of men), in all cases of long standing, are not chalk at 
all, but consist of crystals of urate of soda (Garrod). As 
can be readily ascertained by picking out, with the point 
of the lancet, a minute portion from imder the skin, and 
examining it with the microscope. If a sufficiently large 
piece can be obtained, it may be tested for uric acid by means 
of heat, nitric acid, and ammonia, in the manner described at 
page 41. 

A deposit of urate of soda in the cartilages of the joints 
precedes or accompanies every attack of gout. Hence arises 
the necessity of freeing the system of this product. Some 
persons have thought, that as colchicum — the favourite remedy 
for gout — instead of increasing the excretion of uric acid, 
diminishes it, and not it alone, but even the urea, the benefits 
derived from this agent must, if they are not entirely ima- 
ginary, be due to some different cause than its action upon 
uric acid. I believe, however, that colchicum does act upon 
the uric acid, but not, as is usually imagined, by merely 
affecting its excretion. On the contrary, it appears to 
me that by some means or other it arrests its formation, and 
that it is on this account that an occasional dose of colchi- 
cum during the intervals is found to ward off the attack of 
gout. 

Dr. Ranke has shown that the formation of uric acid is 
diminished by quinine, and Dr. G. Pringle, while working in my 
laboratory, made some experiments upon himself, the results 
of which are quite confirmatory of Dr. Kanke's views. 

o 
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January, 1868. G. P., age 24, healthy and well developed. 
Twenty-four Hours* Urine, 



Diet 


Quantity 
of urine. 


Sp. gr. 


Reaction. 


Quantity of uric 
acid. 




CO. 






grammes, grains. 


Mixed; drink only water, 










neither tea nor coffee . 


656 


1031 


acid. 


1-39 = 21-545 


After taking during five 










days 10 grains of quinine 










daily; food and drink 










as before 


665 




>> 


0-724 = 11-222 


The same after seven days 










of quinine treatment . 


602 


>> 


0-577 = 8-945 


The effect of the quinine did not pass off immediately. 


Diet as before ; quinine 










discontinued for two 










days .... 


600 


1036 




0-66 = 10-230 


Do., do., do., three days . 


525 


1033 


>> 


0-792 = 11-276 



Quinine combined with colchicum was Bequerel's favourite 
prescription for gout. Curiously enough, too, he used to 
combine it with digitalis, another substance which has the 
eflPect of diminishing the uric acid. A good formula is — ^ 
Ext. colchici, gr. x. ; digitalini, gr. ^ ; quinae sulphatis, 3j ; 
conf. rosae, q. s. Fiat massa et divide in pUulas, xij. ; sumat 
unam ter in die. 

While in Munich, a few years ago, when talking to Pro- 
fessor Pfeuffer regarding his treatment of gout, he told me 
that he found the acetate of potash a good remedy, and it so 
happens that this also has the effect of diminishing the 
amount of urea and uric acid in the urine ; and, as I said 
with reference to colchicum, I believe it is not simply the 
elimination of these substances which is arrested, but their 
actual formation that is checked. 

I have already pointed out how animal diet increases uric 
acid. I may mention that there are certain other remedies 
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besides those already spoken of^ which diminish the formatiou 
of uric acid ; these are atropine and cod-liyer oil. Tea and 
coffee produce the same effect. On the other hand, there axe 
some which, although they do not diminish its formation, yet 
lessen the quantity in the system by increasing its elimination 
from the body. Among these may be mentioned the phos- 
phate of soda, and the liquor and bicarbonate of potash. 
Both in the urine of gout and of rheumatism the uric acid 
has been found increased after the administration of liquor 
potassae, as well as after a few doses of the simple carbonate of 
potash, and it is not at all improbable that the beneficial action 
of these remedies in the above-named diseases may in a 
measure be due to their hastening the neutralisation and 
elimination of the acid. Indeed, were I asked to give an 
idea of the pathology of gout and rheimiatism, I would say 
that all our knowledge as yet tends in one direction — namely, 
to show that both gout and rheumatism are due to the pre- 
sence of an abnormal amount of acid in the system ; most 
probably uric acid in the one case, lactic acid in the other. I 
have repeated Richardson's experiments of injecting lactic 
acid under the skin of dogs, and although not always successful, 
have on three or four occasions produced artificial articular 
rheumatism. On one occasion I even got the endocarditis he 
has so ably described. 

Uric acid is not only eliminated by the kidneys, but by the 
skin, and even by the lungs ; so that, by increasing the action 
of the skin and pulmonary exhalation, we may aid its elimi- 
nation from the blood. Experience has shown that whatever 
interferes with cutaneous transpiration augments the quantity 
of uric acid in the lirine. The effect of cold has been already 
alluded to. Skin diseases have a similar effect. In eczema 
and psoriasis, iiric acid increases in the urine, and in the 
pustules of pemphigus crj-stals of it have been detected 
(Malmeston). In the urine of a severe case of pemphigus, 
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Tinder the care of Dr. Hughlings Jackson, which he sent to 
me to examine, I foimd 17 grains of uric acid to the 32 oz. 
The urine was of a dirty brown colour, with a very acid reac- 
tion, and had a specific gravity of 1023. 

With regard to the influence of alcoholic drinks, beer in- 
cluded, it is interesting to observe how they lessen the urea 
and increase the uric acid in the urine ; whereas, with tea and 
coffee, the reverse occurs : they lessen the uric acid and increase 
the urea. Then, again, there are substances which act similarly 
on both uric acid and urea. The acetate of potash, colchicum, 
quinine, and cod-liver oil, for example, diminish, while bicar- 
bonate of potash and liquor potassae increase both. 

These facts furnish us with several hints which may be 
turned to good account in practice. Remedies we possess 
in abundance, if we only knew how to apply them. 

When I hear men saying that the medicines they are 
employing are little better than useless, it often occurs to me 
that they are, perhaps, not far wrong, although the want of 
success may not be, as they "vainly** imagine, due to the 
impotence of remedies, but to the want of knowledge and 
judgment brought to bear on the employment of them. A 
man needs only to pay a little attention to the teachings of 
physiology to learn what powerful weapons nature has put 
into his hands. Like all weapons, however, they may be 
turned to good or to evil account, according to the knowledge 
or the inclination of their employer. I would even venture to 
suggest to our sceptical brethren that it would, perhaps, be 
wiser if, before passing judgment on any particular remedy, 
they first made themselves familiar with the how, when, and 
why to employ it. 



LECTURE V. 

HIPPURIC ACID, IN HEALTH AND IN DISEASE.— CHLORIDE OF 
SODIUM : ITS USES IN THE ANIMAL BODY, THE AMOUNT 
IN THE URINE DURING DISEASE, AND ITS EFFECTS AS A 
REMEDY. 

HippuRic Acid CigHgNOg. 

Chemistry. 

Hipp URIC acid is a beautiful white, crystalline, slightly acid 
body. The crystals are, in general, rhombic prisms, columns, 
or long fine needles. Occasionally they are massed in dove- 
tail-shaped fans. It is soluble in alcohol, ether, and water. 
Its aqueous solution is sufficiently acid to redden litmus. 
Hence it is a much stronger acid than uric acid, and possibly 
it greatly contributes to produce the acidity of normal urine. 

The only other urinary sediment which is at all likely to 
be confoTmded with hippuric acid is that of the triple phos- 
phates. The crystals of hippuric acid, however, are easily 
distinguished from those of the latter substance by their 
occurring in acid urines ; while triple phosphates are only to 
be foimd in alkaline, or at least neutral liquids. In cases of 
doubt all that is necessary is to add a drop of hydrochloric 
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acid, which dissolves the phosphates and leaves the crystals 
of hippuric acid intact. 

When directly crystallised from human urine, hippuric acid 
is dark coloured, in consequence of its combining with the 
urohaematin and other pigments present in the excretion. 
It can, however, be readily obtained pure by repeated crystal- 
lisation, or by passing its solution through charcoal. 

By the process of fermentation, hippuric is transformed 
into benzoic acid, which crystallises in flat, white, shining 
plates. When iirine decomposes the hippuric acid is thus 
changed. Hence the difficulty of finding it in stale urine. 

If a few dry crystals of hippuric acid be heated in a test- 
tube, they partly sublime into benzoic acid, which collects on 
the cold portion of the tube, and partly form nitro-benzole, a 
red liquid with a fine prussic acid- like fragrance, resembling 
that of bitter almond oil. This odour is readily obtained 
from a very few crystals, and affords an excellent means of 
ascertaining the presence of hippuric acid. 

Benzoic acid contains no nitrogen, whereas hippuric acid 
does, as can be easily shown by heating some, along with a 
mixture of caustic soda and lime, in a test-tube, when the 
nitrogen is given off in the form of ammonia, which can be 
recognised by its smell and by its turning white paper, 
moistened with a solution of the subnitrate of mercury, black. 
I have particularly mentioned the fact of hippuric acid 
being at once transformed into benzoic acid (out of the body) 
by the mere application of heat, because, when benzoic acid 
is taken internally, either as a remedy or for experiment, the 
animal body reconverts it into hippuric acid. Hence the 
tissues or blood, or some other part of the frame, must possess 
the power of yielding up the requisite quantity of nitrogen, 
to transform the one substance into the other. 

Method of Analysis. — Evaporate rapidly, with constant 
stirring, from 300 to 600 c. c. (from eighteen to twenty ounces) 
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of urine to nearly dryness. 'When cold, filter and add to the 
syrupy liquid from ten to twenty drops of concentrated hydro- 
chloric acid. Stir the whole, and then extract the hippuric acid 
^ith pure ether, to which ten per cent, of absolute alcohol 
has been added. On slowly evaporating the etherial solution, 
the crystals of hippuric acid are deposited. 

If a urinary sediment consists of both uric and hippuric 
acids, and it be deemed desirable to separate them, all that is 
necessary is to boil the sediment in alcohol slightiy acidu- 
lated with hydrochloric acid, and filter the solution. The 
hippuric acid goes through, and may be obtained frt>m the 
filtrate by simple evaporation. The uric acid remains on the 
filter. 

Physiology. 

Although Liebig discovered hippuric acid in human as well 
as in herbivorous animals* urine, it was for a long time thought, 
as it occurred in such small quantity in the human urine, that 
its presence there might be regarded as accidental. The 
recent researches of Weissmann and of Hallwachs (made in- 
dependentiy of each other) have clearly shown, however, that 
normal human urine contains a much larger quantity of hip- 
puric acid than was formerly imagined. In fact, they have 
found that we pass more hippuric than uric acid, and the 
reason why we remained so long ignorant of this important 
fact is no doubt in consequence of hippuric acid being so 
exceedingly soluble in water, that it is rarely, if ever, to be 
fo\md as a spontaneous deposit. 

Hippuric acid, imtil quite recentiy, was in general regarded 
as the crystalline organic acid characteristic of vegetable diet. 
A view which can no longer be entertained, since AVeissmann 
has shown that its presence in human urine does not solely 
depend on the kind of food, although, as might be expected, 
the diet has an important influence on its quantity. 
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The following table gives the result of his analyses : — 

Diet. Hippuric Acid in the Twenty-four Hours' Urine. 

Mixed . . .2*17 grammes =: 33*635 grains 
Animal. . . 0-765 „ = 11-857 „ 
Bread and water . 0-65 „ = 10*075 „ 

The largest amount of hippuric acid passed in the twenty- 
four hours is always found to follow a purely vegetable diet, 
although not entirely dependent on it. Certain fruits have a 
very marked effect in increasing the amount of hippuric acid 
in the human urine. Liicke specially calls attention to this 
fact. Cranberries and blackberries he found greatly increased 
it ; and more recently, Thudichum and others have made a 
Similar statement with regard to plums. 

As was before hinted, it has been shown that the hippuric 
acid found in the urine does not all come from the vegetable 
food. The researches of Weissmann have proved, as seen in 
the above table, that on an animal diet more hippuric acid is 
passed than on a simple bread-and- water diet. This opinion 
is still further strengthened by the fact that Dessaignes has 
succeeded in forming hippuric acid artificially. Moreover, 
benzoic acid, which can be obtained by the action of nitric 
acid on protein substances, is, as was first pointed out by Mr. 
Ure, transformed in the human body into hippuric acid. Any 
one can readily convince himself of the correctness of this 
last statement by taking ten or twelve grains of benzoic acid 
at bed-time, and looking for hippuric acid in the morning's 
urine. In order to be successful in the search, all that is 
required is to add a few drops of hydrochloric acid to the 
urine, and then concentrate a little of it to the consistency of 
a syrup. While cooling, fine crystals of hippuric acid form 
in the vessel ; and they can be easUy detected with the micro- 
scope. 

The subjoined figure represents the various forms of crystal 
usually met with when the acid has been directly crystallised 
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H^ypmic add from homan urine. 



Hasck found that horses kept standing in the stable p,««s$ 
very little hippmic acid, but large quantities of urea, trhilo I 
made an exactly similar obserration regarding our London 
8tall>fed cows. Exercise, therefore, seems to increase tbo 
amount of hippuric acid and diminish that of the urea excreted 
by herbiToroua animals. 

Hippuric acid, like urea and uric acid, is a normal consti- 
tuent of the healthy blood of the ox (Verdeil), and I havo 
little doubt, on careful analysis, it will be found in the bl<H)iV 
of all other animals in whose urine it normally occurs* 



Am yet we know Terjr Uttle rpgiirding the pathological im- 
poitance of hippuric Bcid i but the fuUowiHg are a few of the 
best aacertained facts :— 

HeiTkrhaa delected hipp uric acid in dieesBed human blood. 
And Schlosebergei in the scales taken from the bumtui skin in 
a case of ichthyoaie. 

In diabelfB 1 hare found the quanlitj- in the urine almost 
alaaja inoreased. Lehmann, indeed, thinks that it replaces 
the uric acid in that disease, but this I know is incorrect. 
Although the salient fact rema ins that in diabetea the hjppurtc 
acid is augmented, while the uiio acid is diminished in 

In tbe urine of typhus patients it is increased ; indeed. Dr. 
Faikcs, in generaliiing from the experiments of othere, says, 
that SB a rule, the hipputic Acid ia increased in all febrile 
affection)'. Hippuric acid appears also to be increased in 
chorea (Parkes). 

There are certain remedies nhieh have a Tcty marked effect 
on the quantity of hippuiic acid eliminated by the urine, 

Klelzinsky (Canstntl, 1S69) finds that after taking benzoic 
acid inlemaUy the urea is dimir.ishf d to 2 5 grammea, or 38-75 
grains in titenty-four hours, and the hipputic acid increased 
to the enormous quantity of 9--5 grammea, or 147-26 grains. 
Consequently there is only 3 grammes less nitrogen excreted 
than under normal circumstances. 

The balsam of Peru ulicn taktn internally has also a marked 
efiect in augmentins the eicretion of hippuric acid. 

On the other band, when hippuric acid is takin internally, 
it passes into the urine unchanged, Kiihne has made the 
intcieeting observation, that benzoic acid, when given to 
jaundiced patients, is not transfmraed into hippuric acid, and 
Loucludes thciefrcm that the seat of the transformation mubt 
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be in the liver, but further researches are much wanted on 
this point, as indeed upon all others in connexion with the 
amount and relations of hippuric acid in the human urine. 



Chloride of Sodium, Cl. Na. Common Salt. 

The physical properties of chloride of sodium need no 
description, so I shall at once enter upon its 

Chemistry. 

The presence or absence of chlorides from the urine is very 
readily ascertained in the following maimer : — 

To a little urine in a test tube, add a drop or two of nitric 
acid, and then a few drops of a solution of nitrate of silver ; 
the immediate formation of a white precipitate indicates the 
presence of chlorides. If only traces of chlorides are present 
the urine merely becomes milky. The precipitate may be 
still further proved to consist of chloride of silver by its 
being soluble in ammonia and re- precipitated on the^ addition 
of nitric acid. 

Quantitative Analysis. — The amount of chlorides in the 
urine is best estimated with a standard solution of the nitrate 
of silver. The solution is prepared in the following maimer : — 

1st. Dissolve 29*063 grammes (450*476 grains) of chemically 
pure fused nitrate of silver in 1000 cubic centimeters (32*23 oz.) 
of distilled water. 1 c. c. of this solution is equal to 0*01 
gramme of chloride of sodium and to 0*006 gramme of hydro- 
chloric acid. 

2ndly. Prepare a cold saturated solution of neutral chro- 
mate of potash. 

Being provided with these solutions, employ the same 
apparatus as was used in estimating the urea (p. 69), and 
proceed as follows : — 
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Take 60 c. c. of urine, and if necessary, render them 
neutral by the addition of a" drop or two of carbonate of soda 
solution. Then add four or five drops of the saturated solu- 
tion of the chromate of potash, after which nothing more 
remains to be done but to pour into the urine the standard 
solution of nitrate of silver drop by drop imtil the red chro- 
mate of silver makes its appearance. As soon as the red 
colour shows itself the operation is completed, and all that is 
required is to see how much of the standard solution has been 
used, and make the calculation accordingly. 

If 20 c. c. of standard solution were requisite, and 1 c. c. is, 

as we have said, equal to 0"006 gramme of hydrochloric acid, 

the 60 c. c. of urine must have contained 0*12 granmie of 

hydrochloric acid. Supposing, now, that the patient made 

1000 c. c. of urine in the twenty-four hours, it is evident that 

he must have passed 2*4 grammes of hydrochloric acid, for 

1000x0-12 

s=2*4 grammes. 

50. 

Physiology. 

Common salt plays an important part in the human 
organism. It is found in every animal fluid and solid, and 
seems to be quite indispensable to the development and 
growth of the body. The presence of this substance in the 
different fluids and tissues is not merely accidental, for it is 
in a state of chemical combination with the constituents of the 
flesh and blood. This is proved by the impossibility of sepa- 
rating the salt from many of them by mere washing, and by 
its being invariably found in their ashes. 

It is highly probable that chloride of sodium takes an 
important share in the metamorphosis of the animal tissues by 
adding to the solubility of some, and preventing the decompo- 
sition of others. For example, it dissolves pure casein, assists 
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ny be landed as the result of chemical ardoo. 
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1 phyaiol pnpcttus. Il has, for ia$taiic«, a 
powerful inSuence upon ihe colo-ur of the blood, and Sch»«9 
ihin^ chij if dac 10 its mechanical reladom. The btight and 
dark tinvp Qf hlood, he saTs, principallv depends upon the 
farm of the blood-corpa^clefi ; vhok tbev ire biconcaTe the 
blood is of a bri^hi colour, wben biconv^^ of a dark hue- 
The form of the corpoicles again depends chiefly on the 
endosmadc relations existing betnreoi their nintenta and the 
fluid in which thcj are suspended, and thif is materially 
inflnenced bj the amount of chlonde of sodium present in the 
circulation. 

1 cannot Tentore entirely to endorse this Tiew. for the 
simple reason with which you are all lamiliar — nHiaely, that 
blood chanties its colour when shaken with air and carbonic 
acid alteraacely, quite independent of the amount of chloride 
of Mxliuin contained in it. 

Although the quantity of chloride of sodium present in 
the system raries at different times, yet, like all the other 
important constituents of the frame, it obeys established lavrs 
which regulate the amount. In lacl, if we esamine into the 
source from whence the body receives its supply, we shall at 
once find that the quantity present in the blood must be 
subject to great fiuctuations. The salt is very generally dis- 
tributed over the earth, in the animal, vegetable, and mineral 
kingdoms, and, consequently, flnds its way into our bodies 
with the food and drink. All ckvitised nations use sail very 
lar;;ety as a condiment, and some say chat the amoimt so em- 
ployed is far greater than the wants of the system deiuanil, 
for they believe that the food and drink furnish the requisite 
quantity to the organism. There are others, aj;ain, who hold 
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an opposite opinion, which they rest upon the fact that 
certain tribes in the interior of Africa willingly exchange 
gold-dust for an equal weight of salt, and that whole herds of 
animals travel miles and miles to drink at the salt springs, 
thus proving that the system must feel an inordinate want of 
that substance. 

Those who take the opposite view assert that, so far from 
the system feeling a want of it, there are whole tribes in 
South America and elsewhere flourishing without even the 
knowledge of the existence of salt. 

This mode of reasoning appears to me most imphilosophical, 
for each party seems entirely to overlook the source from whence 
the food receives its supply. Is it not the soil which furnishes 
the chloride of sodium to the water and to the plants, and 
from them to the animals we consume ? Now, if the soil in a 
particular district be poor in that material, the water and the 
vegetables will contain a minimum quantity — perhaps insuffi- 
cient for the wants of the human body, as well as for the 
wants of the herbivorous animals. We know very well 
that mineral substances are distributed unequally over the 
earth, and it is quite probable that there is plenty of salt in 
South America, and yet not enough in the interior of Africa ; 
and thus it is not in the least degree surprising that the negroes 
in Africa should value salt more than they value gold-dust, and 
that the cattle, feeling an equal want, but being imacquainted 
with any system of barter, should travel thousands of miles to 
supply themselves with a substance which they cannot other- 
wise obtain. In civilised countries we have not the same faci- 
lities of ascertaining whether or not our food contains sufficient 
salt, for we always add a quantity in order to please our palates. 
There is one thing that makes me think the soil of this coimtry 
scarcely contains sufficient, and that is, that oxen fatten better 
and quicker when salt is added to their food, so long as too 
great an excess is not given. Yet no one can doubt but that 
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we take far more than we require, for there is always a Tery 
large amount present in the urine, — a quantity greater than 
could result from the elimination of the merely effete material ; 
and the more salt we eat, the greater is the amount excreted 
by the kidneys. 

"When salt is injected into the blood it is rapidly eliminated 
from the system by the saliva, the mucous membranes, and 
by the kidneys, which elimination would not occur so rapidly 
did the system require it. 

The uses of salt in the animal economy must be manifold, 
for, as before said, it occurs everywhere. One remarkable 
thing is, that while the chlorine is chiefly combined with soda 
in the blood and all the different fluids of the body, it is prin- 
cipally united with potash in the muscles. 

Lehmann lately advocated the idea that salt plays a most 
important part in cell development, and supported the view 
with many ingenious arguments. That it has important uses 
is evident enough, but to indicate them individually is very 
difficult. It seems to have an influence, as already said in a 
previous lecture, on the excretion of urea, for where much 
salt is eaten an excess of urea appears in the urine. The two 
substances, in fact, constantly go together, for in the sweat, in 
the blood, in the humours of the eye, in the flesh, and in 
the urine they are always found together, (a) 

In starvation, where no salt is taken into ^he system, none 
is found in the urine, so it seems £is if the body felt an absolute 
want of it, and held back what it had iintil it received a fresh 
supply. 

During health the amount of chloride of sodium excreted 
by the kidneys is always less — (Bischoff" says J, Kaupp )^ — 

(a) Beale says that the presence of urea in the urine causes common 
salt, which usually crystallises in cubes, to crystallise in octohedra, and 
chloride of ammonium, which crystallises in octohedra, to crystallise iu 
eubes. 
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than what is taken into the stomach ; and this is easily enough 
\mderstood, as a quantity of it is decomposed, the chlorine 
going to form the hydrochloric acid of the gastric juice ; the 
soda, the glycocholate of soda of the bile. Besides this, a 
quantity of it must pass away with the faeces, as well as u 
little be lost by the sweat, and other excretions, all of which 
contain chloride of sodium. Then, again, in the growing 
animal a portion must also remain in the system to assist in 
building up the frame, into the composition of which it so 
largely enters. 

The quantity of chlorine passed in the twenty-four hours' 
urine is variously given by different observers. Parkes, after 
comparing the statements of different authors, puts down 
the mean amount at 8*21 grammes, or 126*76 grains, in the 
twenty-four hours, but I agree with him in thinking that 
these figures are too high; about 6 grammes, or 77*6 grains, 
of chlorine appears to me to be the average amount passed 
by Englishmen. 

Pathology. 

The quantity of chlorine daily excreted varies very much 
in disease, and in certain affections the variation is attended with 
such a marked change in the symptoms of the disetise that the 
state of the on^ may almost be guessed at from a knowledge 
of the condition of the other. 

In certain affections, as first pointed out by Heller, there is 
not only a diminution, but sometimes an absolute absence of 
chlorides from the urine. This is more particularly observ- 
able in inflammations with exudation, such, for example, as 
pneumonia. During the course of the pulmonary hepatisation 
the chlorides may be totally deficient for two or three days 
together, but no sooner does resolution occur, and the redux 
crepitation over the disetised part become perceptible, 
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than they are again detectable in the urine. At first it 
was thought that the diminutioQ of the chlorides in the 
urine during the courae of pneumonia and other acute inflam- 
matorj- affections might he explained On the ground of the 
low diet to which the patients are usually in auch casea 
subjected. This has, however, been ascertained not to he lie 
case. Folwarczny found that in the urine of a patient Trho, 
for the purpose of experiment, partook of an abundance of 
salt 'n'ith his food — salted soup, salted meat, and salted water 
— no chlorides could be detected during the exudative stage 
of the disease. The absence of chlorides from the urine in 
ioflammautry aifectiotis, therefore, is due to some other cause 
than their mere diminution in the ingesta, although that 
diminution also exerts some influence on the result. Beale 
made the interesting ohsec\-ation, that in cases of pneumonia 
where no chlorides are to be detected in the urine, the sputa 
contains them in abundance, 

Chloridea are oeeaaionaUv absent in fevers. Parkes found 
them totally absent in typhus, greatly diminished in typhoid 
and in py^^nlia, and somewhat reduced in erysipelas. In the 
uiine now before me tioia a case cf acute phthisis (a) they 
are entirely absent. 

The absence of chlorides from the urine may also aid in 
the diagnosis of cases of heart disease. Polwarczny, while 
studying the urine in a case of acute ariiculer rheumatism, 
observed one day that the chlorides suddenly disappeared, 
while a am nil qnanrity of albumen became detectable, and on 
that day an attack of pericarditis came on. 
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CMoride of aodium is greatly dinimialied in. choleraic urine. 
When it begins to increase iiL a ease of cholera, it is a moat 
favourabLs symptom, as much or even more reKa.ble thiui the 
inereafle of urea. — (Buhl, quoted by Parkee.) 

It is far lesB common to find tie cMoiides increased than 
dimimshed. Ringer and Partes found them increased from 
ten to twenty fold in the cold and hot stages of ague ; but, 
although increased at these times, there was still no total 
increaae in the twenty-four hours' urine. 

Chlorides are never found in the urine as a spontaneoua 
deposit, inconsequence of the combinations of chlorine with 
soda, potash, lime, and magnesia — all being exceedingly 
soluble salts. Hence the presence or absence of chlorides 
from the urine can. only be aacertaained by chemical means, 
such as those already described. 

Chloride of Sodium as a Remedy, — Some have thought that 
certain disease might depend on an insuiSciency of chlorides 
in the system, and consequently that the administration of 
common, salt might be attended with beneficial results. Dr. 
Cotton, who esperimented with it at the Consumption Hospi- 
tal in cases of phthisi3(a), came to the following conclusions : 
let. From jj. to jij. gradually administered seldom produces 
nausea, thirst, or derangement of the digestive organs ; but 
larger doses cause sickness and. iMmitiug. 2nd. In some cases 
common salt increases the appetite and acta as a general tonic. 
3rd. Its tonic influence in. phthisis is equal to that of bitters. 
4th. It does not appear to be deficient in the tubercular crasis, 
ur to have any direct action on the disease when fully 
developed. 



LECTURE VI. 

DBOHJJSIATIS, AND THE ABNORMAL PIGMESTS MET WITH i; 
WHITE. YELLOW. GREES, BLUE, AND BLACK URINE— THEIK 
CLINICAL 8I0NIFICANCE AND TREATMENT. 

Usan.EUAriN, the substance which gives to health; uriiie 
peculiar tint, is of more importance to the Clinical Physic 
than the majority of urinary ingredients ; for the quantity 
pasacd in the twenty-four hours is not only an index to the 
tear and wear of the tissues, but the best meatiure we at prc- 
lent possess of the rapidity with which man bums life's lamp. 
The amount of all the ingredients of the urine we hare hitherto 
considered are much more under the influence of the diet than 
that of urohieiaatin, the quantity of which may be said to be a 
tolerably exact mensure of the destruction of blood corpuscles. 

ChesiiBTB.1. 

Until the last ten or twelve years little was known regarding 

:he nature of the colouring matter of the urine, and that little 

rras unfortunately erroneous, Cruickshanks, Vauquelin, and 

Chcvreul regarded it as a colouied acid ; Vogel thought it was 



uric iicid, and Praul looked upon it as murexid. Goldiisg 
Bird, however, poiiitL'd out I'tout's error bj- phoning that, 
while liydrocliloric acid destroys the colour of murexid, it in- 
creases thatof the uriue. Bercelius also saw Frout's miataXe, 
from urohieraatin being soluble in olcoliol while murexid is 
not. Heller it was who made the first step in the right direc- 
tion by studying the ofFeeti of acids on different urines, and 
thereby obtaining a variety of colours, wliich he believed to 
be due to a substance which he called uro!tanthin. This 
urosanthin Heller thought consisted of two colouring matters, 
urrhodin, a red, and uroglaucin, a blue pigment, none of 
which was he, however, able to separate from the urine. The 
BBCond step in the right direction waa made by Scherer, who 
was the first that succeeded in isolating anything like Ae 
colouriug matter of the urine. The substance that Scherer 
extracted was a brown powder, ho cloaely allied in composition 
to the colouring matter of the Hood that he thought it might 
be derived from it. 
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The next step was made by myaelf in I80I. when, for the first 
tirae,itwasfound possible to estract from human urine ita colour- 
ing matter in a perfectly pureform. At tlie same time I made the 
interesting discovery that not only does the colouring matter of 
the urine closely resemble tlie ha^matin of the blood in i» 
■ppearauce, and its properties, but that it even possesses the 
additional similarity of containing iron, a substance which till 
then had never been detected in normal luine. At first this 
discovery was received by Scherer and some others with 
scepticism, but now even Scherer acknowledges its truth, ao 
that it is unnecessary longer to treat it as a matter of doubt. 
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Seeing that the colouring matter of the urine so closely rf 
aembled the colouring matter af the blood as no longer to Iciiv 
a shadow of douhl that the one is the direct detivntive of the 
other, it was deemed adviaabie to name it Uroha^matin, an 
which at once met «-ith the approbation of Scherer and others 
who were equally with myself interested in the subject. 

/•roperiiii.— Uroh^ematinis a bright red, non-crjataJlisable, 
organic compound. When freshly prepared it somewhat rc- 
aeinbles in appearance dark red sealing-wax, and is sufficiently 
soft to receive the impress of the nail. After a time it becomes 
hard, and some what brittle, breaking with a glistening fractut 
but never losing its fine red lint, at least not after twelve 
years' e.'tpoBure to the air. Uiohicmatin is highly soluble ii 
chloroform, alcohol, and ether, and gives to those liquids i 
rich, transparent, port wine colour, varying in depth accord- 
ing to the quantity dissolved. It is likewise soluble in fi-esh 
urine, and gives to that liquid not a bright red tint, but the 
tint of normal, healthy, high-coloured urine, the depth of 
colour being in direct proportion to the quantity of colauring- 
,ler added. Urohicmatin is, however, insoluble in pure 
er, and even in solutions of either chloride of sodium or 
chloride of barium. It is also quite insoluble in sulphuric, 
:, and hydrochloric acids, even the strongest; but soluble 
le caustic alkalies of ammonia, soda, and potash. In 
solutions of tartaric and oxalic acids, uroha^matin is quite 
insoluble. 

lu all the above-mendoned characters it bears a close resem- 
blance to the colouring matter of the blood — ha;raatin — the 
y in the two substances being made still more striking 
by the fact, already mentioned, of urohsmatin containing 
;e of which ia readily demonstrated by burn- 
ing a small quantity of urohitmatin on a spatula, and dissolv- 
ing the ash in a weak solution of hydiochloric acid, and testing 
it with the ordinary reagents. The addition of a drop or two 



(cyanide of potassium givf^ise to a fine red colour, 
i addition of a similar quantity of ferrocyanide of 
a givca a precipitate of Prussian Hue, thereby estab- 
:he presence of iron. If any one sliU doubts the 
un in healthy human urine, it ie sufficient to test 
tlie aehea of any urinary residae as abore described in order 
to dispel the doubt. 

Pr^iaralion. — Urohccmatin may be obtained from urine in a 
pure state inaeveral ways; — 1st. By evaporating a large quantity 
of urineuntil it becomes of the consistence of treacle, taking care 
to remoTe the chloride of aoilium and other aalts as they crys- 
t nllj' p, The colouring matter is extracted from tliis molasses 
like syrup by means of alcohol. The deeply-tinged alcoholic 
extiact is now boiled and treated mth slaked lime until it is 
completely decolorised ; it is then filtered, and the compound 
of lime and colouring matter well washed with water, and 
afterwards with ether, to free it from fat, of which there is 
invariably a considerable quantity in human urine. The lime 
ctanpound when dry is decomposed by hydrochloric acid, and 
the liberated colouring matter extracted with boiling alcohol. 
The alcoholic solution is now mixed with an equal portion of 
ether, and, after being frequently shaken, allowed to stand a 
day or two, in order that the ether may dissolve as much as 
possible of the pigment. On the addition of water, the ether 
chai^eiwith the colouring matter separates, and is decanted. 
This etherial solution after evaporation is treated with chloro- 
form, which removes the colouring matter from the animal 
resin to which it tenaciously adheres ; and on evaporaticai the 
chloroform deposits the pure urolucmatin. When burned, 
urohiematin leaves a small qoantity of ash, consislina solely 
of the oxide of iron. 

2, Scherer's process as modified by me is equally auccesa- 
ful, but, unfortunately, also -equally troublesome. It is as 
follows ;— Precipitate the phosphates and sulphates from fresh 
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urine by means of the niliate of baryta. Decant, and lo tlie 
clear liquid add basic anil neutral acetate of lead until the 
urine is decolorised. Collect tbe lead compound, which 
contains the colouring matter, dry, and treat it with hydro- 
chloric acid and alcohol, as in the lime process. The other 
steps are the same in both. For more minute details see the 
Pharmaceutical Journal for NoTember, 18S2, tte Wurzbytrg 
Verhandl., Bd. 6, 1854, and Joum.f. Pract. Chemte, Bd. 64, 
p. 264. 

Lastly, an etherial solution may be obtained firom luiae 
■without any previous manipulation at all, except adding strong 
nitric acid, and heating the mixture to set the colouring 
matter free, and then agitatmg it with a lai^e quantity of ether. 
The ether dissolves the colouring matter, and floats on llie 
surface of the urine. It is then decanted and evaporated to 
dryness, and the residue treated with chloroform until pure. 
The loss by this method is sc great that it is seldom attempted, 
except for rough, quantitative experiments. 

Quantiditine Analysis. — Unfortunately, there is as yet no 
method by which the quaJitity of uroha:matin excreted in 
the twenty-four hours can be exactly ascertained ; I hope, 
however, soon to be able to publish one, founded on the yolu- 
tnetrio estimation of the quantity of iron, as I believe that 
under normal circumstances almost the whole of the iron 
found in human urine comes in the form of uxohsematin irom 
the blood corpuscles. Until then, it may be as well, at least 
for clinical purposes, to adopt the plan I dailyfollow, namely, 
of diluting the twcnty-foui hours' urine with water till it 
measures sixty ounces (if tie quantity is above sixty ounces, 
it is to be concentrated), and then adding to about two drachms 
of it in a test tube half a drachm of pure nitric acid, and allow- 
ing the mixture to stand for soiae minutes. . If the quantity of 
UToha^matin is normal, the mixture vill alter but slightly in 
tint j whereas if there he an excess it will become pink, red. 
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crimaon, OT purple, according to the amount present. Heating 
the mixture haetens the ehange in eolour ; hut it is better to 
do the experiment in the cold, and, if uecessary, alio iv plenty 
of time for the change to take place. 

The object of adding the acid is to set the colouring matter 
free, for without doing so we are no more able to tell how 
much urohieinatin is present in the urine than to tell how 
much iodide of potassium is dissolyed in water. A pale 
urine often contains a large amount of urohsematin; while 
on the other hand, a higb-coloured urine frequently containa 
very little ; so that the addition of acid is essential. It is not 
necessary to use nitric aeid ; sulphuric or hydrochloric acid 
answers the same purpose, only with them the colour is some- 
what different. Now, just as the quantity of iodide of 
potassium present in a glass of water may be roughly guessed 
at by the quantity of iodine set free on the addition of nitric 
acid, so may the amount of ujohiEinatin present in the urine be 
guessed at by the depth of colour produced on the addition of 

In studying the different shades of pigment foimd in the 
urine, the best scale to consult is that designed by Professor 
Vogel, which forma Plate VI. of Neubauer and Vogel's work, 
translated by Markham for the New Sydenham Society. 

Physiolooy. 

Urohiematin is without doubt an organic substance belong- 
ing to tha same class as albumen, fibrin, and casein. It differs 
from these substances, howerer, in so far as it can be ex- 
tracted from the urine in the same state as it exists iu that 
liquid ; whereas neither albumen, fi.brin, nor casein can he 
obtained separately in the same condition as they exist in 
the body. 

L'lohEcmatin being normally excreted by the kidneys, like 
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all Other similflr products, its quantity Buctiiates with the 
state of tte healtli — the ebb and flow, as it were, of life. In 
chemical composition we saw that it closely resembles the 
colouring matter of the bio od— so closely, indeed, as to ha^ve 
gwen rise to the idea that the one is the direct product of 
the other. Now, as is well known, the colouring matter of 
the blood, which is treasuj-cd up in the red corpuscles, from 
its wide distribution and unVEUying composition, ia suppoied 
to play a must essentinl part in the processes of life. 

A blood corpuscle cannot, of course, be expected to last 
for ever. Its career ia asdeinedas the career of the indiyidua! 
to whom it belongs. It is bom, it grows, it performs the 
fmictiona for which it was called into existence, it dies, and 
is removed, and others take its place. With every respiratory 
act, with every pulsation of the heart, thousands of blood 
corpuscles are destroyed, and thousands reappear. And 
although it is dlfhcult to say what may be the exact term of 
life of a blood corpuscle, yet we know that even at most its 
span can he little more than a few months. 

When we inject the blood of an animal with oval corpuscles 
(a fowl )into the vessels of one with round corpuscles (a dog), 
we find that before three weeks have passed away all the 
oval cells have disappeared. It is true that in. this oase we 
have, as it were, placed them under abnormal conditions ; 
but if we make allowance for that, and read months instead 
of weeks, we still cannot spin out the life of a blood corpuscle 
to more than a quarter of a year; and few will even be 
inclined to give to it so much as that. 

Taking it for granted, then, that blood corpuscles die, and 
that their deii-is is remored from the circulation ; if uro- 
hsmalin be regarded as the dibria, or the product of the 
colouring matter of the red blood corpuscles, it ia evident that 
the amount of uiohicmatia present in the ui 
all to be eliminated by tbat channel, must. 
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afford 119 an idea of tlie daily destruction of blood corpuacIeB. 
PatliDlogy, as we shall presentl y see, gives additional support 
to this theory ; meanwMle, however, I must mention that all 
the colouring matter found in the urine does not come from 
the above-named aoviree. A araall quantity comes directly 
from the food ; a vegetable diet fumifihing the greatest quan- 
tity, animal food jielding scarcely any. This is easily ex- 
plained from the well-known fact that abnoat all vegetables 
are much richer in colouring matter than the flesh of animals 
slaughtereil by bleeding, as is tbe case with the majority of 
(boae used for domestic purposes. In fact, tbe respective in- 
fluence of a vegetable, and an animal diet on the urohiematin is 
well illustrated by the amount found in herbivorous and car- 
nivorous animals' urine. It will be recollected that, in the 
Erst lecture, I pointed out the Htriiing difference presented by 
these urinea ; the former being- of a very dark, the latter of a 
very pale colour, while man's stEinda between the two. 

There is still another source fi«m which cornea a yetamailer 
quantity of the normal colouring matter of the urine — namely, 
the reabsorbed effete pigment of tbe bile — urobiliverdin. The 
amount of this in healthy urini^ is, however, so insigniScant as 
scarcely to merit even this passing notice. In disease, on the 
other hand — jaundice, for example— it is occasionally enor- 
mous, far outweigbing that of the iirohKmatiii. 



Tbe colour of the urine varies greatly in disease. It may 
be perfectly white, yellow, brown, red, black, green, or blue, 
mid each of these tints, in the abaence of ingesta capable of 
accidentally producing them, invariably indicates the exist- 
ence of grave disease. 

Normally coloured urine does not, however, exclude the 
possibility of disease, for the colour of the freshly passed 
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urine is no absolute criterion either of the quantity or the kind 
of colouring matter it contains. The abnormal like the 
normal pigments are often combined with some of the Other 
urinary ingredionta in the form of colcnirless compoundE, and 
it is not until the compound is decomposed, and the pigment 
set free, that we can take cognizance either of its quantity or 
its quality. Por example, here are three urines;— Ist. A 
pale, almost colourless urine £t)m a healthy infant, aged 18 
months. It has a specific gravity of 1018. 2nd. An equally 
pale, almost colourless urine from a girl, aged 19, suffering 
from chlorosis. It has also a specific gravity of lOlS. 3rd, A 
dark straw-coloured, but perfectly transparent urine from a 
healthy man, aged 33, It has likenise a specific gravity of 
1018. In fact, these three uriues haye been purposely selected 
on account of their having the same specific graTity, To each 
of these add a quarter of their bulk of strong nitric acid, and 
bring them to the boillnj; point. Watch the change. The 
inCmt's pale urine is scarcely altered ; the man's dark urine 
is only slightly deepened in tint ; whereas the almost colour- 
less urine of the chlorotic girl has assumed an intensely red 
hue, l\'hat is the cause of this difference > The infant is in 
the bloom of health - there is no waste of blood corpuscles in 
it — all the blood discs it possesses are employed in the 
development of its frame. The man has arrived at maturity ; 
he is still in the prime of life, and in the enjoyment of perfect 
health ; his blood corpuscles are not wasted, but merely con- 
sumed in the tear and wear of every-day life. The young 
woman, on the other hand, is suffering from chlorosis ; she 
has a pale lip, and a blanched cheek ; her corpuscles are being 
loo rapidly consumed ; her life's blood is oozing away by the 
kidneys, and there it appears as on excess of urohxmatin in 
her urine. 

Take again these two urines so different in appearance. 
They are fromyouns men about the saraeage (24 years). The 



one urine is perfectly colourlesa, like water (a) ; the other is 
of a deep red colour, — caae of hiematuria from disense of tte 
kidiiey. On adding strong hydrocUoric acid to the colourless 
urine it rapidly assumes a port-wine tint, whereas the same 
amount of acid added to the red urine, instead of heightening, 
actually destroys the colour it already possesses. And why ! 
Simply hecauHe the pale mine contains an excess of combined 
uroha;matin, which is liherated. by the acid ; whereas, the red 
urine contains merely a number of free blood eorpuacles, which 
become coagulated, and, as the colouring matter in them is 
insignificant in quantity when compared with the amount of 
nrohfematin in the other, no sooner ate their cell-ivalls 
destroyed and the contained hsemato- globulin set free and 
coagulated, than the red colour disappears. Now, which of 
these two classes of urine denotes the most danger J Most 
assuredly, not that containing the ftee blood-cells. A very 
flmall quantity of blood will sometimes colour a great deal of 
mine ; whereas an immense destruction of blood corpustlea 
may take place in the body, and their i/tbria be so elimiiidted 
as to be invisible to the eye until the application of an acid seta 
it free. In fact, experience has shown me that the normally 
coloured urine of disease is a ni.ost treacherous guide to go by- 
It often lulls the inexperienced into the belief that there is 
nothing materially wrong, when a giaye lesion is making rapid 
strides towards a fatal termination. Not very long ago I was 
told by an intelligent Practitioner that a young lady, regarding 
whose health we were consulting, was labouring under hys- 
teria. "The secretions," as he termed them, being "all 
right," my opinion had been asked more with the view of 
satisfying the friends who were getting fidgety than anything 

(a) Tba patient from nboni this uruio cimu nos sunt inta the Bospit^ 
(under the care of due of my colleagues) frum hiB bein^ BUpposed to hjivo 
otoDa. Kane, howeTer, was detected, and his sjmptomfi appoarod to arise 
from excos&ive apinal irritntioiL At tJie time the above earaple of utine 
ytaa pasHd, the btd had nlreod; been six veelfs in tha EaspitoL 
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else. The esse appeared to be what he said, until he 
added, " She is well fed, and yet she loses fteah, and I don't 
know why." This remark at once brought us back to the 
urine, which he assured me was perfetllf natural in colour, 
and contained neither sugar nor albumen. I analysed some, 
and the case proved the verf counterpart of the lad's just 
spoken of. Although the girl's urine was natural in colour, 
her life's blood was imperceptibly oozing away with it. This 
is no solitary example ; I might cite many cases of so-called 
hysteria, which were in reality casea of serious, though 
obscure, disease ; but that is surely unnecessary. Who 
amongst us hie not seen patients die, and their disease put 
down as, only hysteria f The lime is, nerertheless, not far 
distant when we shall leatn that hysteria is something more 
than "mere functional derangement." Hysteria may he a 
conTenient term ; but, after all, it is only a cloak of ample 
dimensions which hides the rags of ignorance. It is a name 
instead of an explanation, a sham instead of a reality. And 
what is still worse, it tends ta keep us in ignorance by 
stifling legitimate inquiry ; for no sooner do the majority of 
practitioners find a name for the disease than ihey cease to 
fathom its cauee. In some cases of cerebral and spinal 
diseaae the excess of urohiematin. in the urine is so great that 
after it has been set free by an acid and taken up with ether, 
the ether, after standing, solidifies into a red- currant jelly-like 
mass, and may actually, in some cases, be cut with a knife. 

The best way of showing thisia to boil four ouncea of urine; 
Ihen add nitric acid to set the colouring matter free- 
When cool, put the urine into a six-ounce bottle along with 
an ounce of ether. Cork the bottle, thoroughly shake it, 
and afterwards place ic aside for twenty-four hours. At 
the end of that time the ether will sometimes be found 
lo be like a red tremulous jelly. Such a case is, of course, a 
very bad one ; but those are not nearly so uncommon as one 
would imagine. In some of the uorst cases of uruhxmaturia 
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tlie utinG is neutrsl or even alkaline, and iiie fom ei origo 
mali ia ti) be looked for In tlic brain or 8p[nal cord. laiieed. 
we may often be led to a correet diagnOEia of obBcute cere- 
bral and apinal diseaee, by finding uroli hematuria acsociated 
with a, saccharine or a phosphatic condition of the urine. 

In a caae of chronic cerebral disesae, which I saw with Mr. 
T. Carr Jackson, the quantity of utoha^mtttin regularly raried 
pari paasu with the severity of the parosajms, nitric acid 
turning the urine red, purple, or even bluish (blue matter 
being, after a time, deposited on the bottom and tides of the 
test tube), according to the severity and duration at the attack. 
It ought never to be forgotten that alkaline remedies, ea well as 
certain vegetable foods, may increase the uroha^malin. Even 
the external use of carbolic acid sometimes turna it black. (a) 

When uroheematin exists in a free state, the urine is red in 
colour before any acid is added. These cases differ from 
hsematuria, in the urine being clear and transparent, and 
devoid of blood cotpusclea, and from intermittent hematuria 
in the absence of congestive casts. If it contains a deposit, the 
deposit may or may not be high coloured ; but in any case 
the supernatant liquid is clear as well as red. Another fact, 
which is of great clinical importance, is that the urohpemajin 
is not always in the same state of oxidation ; and, like indigo, 
its colour depends on the amount of oxygen it contains. It 
may be yellow, red, or brown. In consequence of this, different 
flc^ids act upon the urine difTerently. In one case nitric, 
sulphuric, or hydrochloric acid may produce the same 
results ; in another hydrochloric acid turns the urine red, 
while nitric acid makes it blue, green, or yellow. In a third 
sulphuric acid may develope the colour better than the others. 

To illustrate these remarks— Take the case of a gentleman 
33 years of age, whose urine lo the eye appeared perfectly 
normal in colour. On adding strong nitric acid, however, 

(a.) Alraan^na " Change in the Unno fro", the EitemalUas of Carbolic 
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to this urine it iramediately became of a blood-red hue, 
wbeieas hydrochloric acid had no eSect upon it until some 
minutes had elapsed, «hen it gradually caused it to aasume 
the aaiue tint as that produced by the nitric acid, ^\'hen sul- 
phuric acid is alowly added bq as to fall to the bottom of the 
test-tuhe, areddish-bro«-n line appears at the point of contact, 
and (Ms gradually deepens until, in the cDurae of six hours or 
so, it assumes a more intense colour than that produced bj 
either of the other acids. 

This ifl an important case in another point of view^namely, 
as proiiug the value of urinary analysis in cases of obscure 
disease. The only symptoms that this patient labours under 
are those of an irregular kind of dyspepsia, with an occasional 
pain in the epigastrium. He ia in easy circumstances, takes 
plenty of nourishing food, wante for nothing, yet he gradually 
gets weaker and weaker, and has lost 17 Iha. in the course of 
the last year. Even the locality in which the patient lives is 
a remarkably healthy one [he was sent to me from Anglesey 
by Dr. U. Williams, of the Menai Bridge), and if it had not 
been for the condition of the urine, his symptoms would have 
remained a mystery. This, too, was one of those cases in which 
the amount of urohaimatin wjis so great that it caused the 
etherisl solution to solidify into a jelly.] 

An excessive excretion of uroha^matin is not limited to 
cases such as we have been describing. It occurs to some 
extent in several diseases, especially those in which there ii 
an excessive tissue metamorpliosis, tuid consequent too rapid 
blood consumption. Uence wc occasionally meet with it in 
low fevers, in diphtheria, in pneumonia, and some other in- 
flammatory affections, in lesions of the nervous system, during 
tm attack of gout, after the St of ague, and during conva- 
lescence from nearly all grave diseases. It is, however, in 
chlorosis (either in the male or female), and the many un- 
nameable obscure affections of that class, where it becomes ■. 



dangerous ej-mptom. In fact, il always indicaws the exist- 
ence of a past or present mJBchief meriting tte closest 
attention of llic Physician, and where we caraiot remote 
tlie cause we must at least attempt to check the effects 
of the symptom — namely, to restore to the hlood as much 
as possible of the material which, is heing drained from 
it. Every one knows the effects of iron upon the system, 
but iron alone is not alwaya sufScient for our purpose. 
Something more is wanted, and that is best supplied by the 
preparations called the syrups of phosphate of iron. Many 
syrups hare been sold under this title. There are the 
American synips ; the compound syrup of the phosphate of 
iron, or " chemical food," as it is sometinies named ; the 
gymp of the superphosphate of iron and lime (excellent for 
children) ; and a few others. One and all of them are good 
in particular cases, but they must always be associated with a 
judicious selection of regimen in order that the full benefit 
may be derived from them. 

The preparation of zinc, in grain or grain and a-half doses, 
•re also occasionally useful astringent tonics when the drain is 
Tery great. 

In some cases of disease tte excretion of urohiematin by 
the kidneys appears to be diminished ; but this is only when 
the system has been so dralni^d that there is little more to 
come away. In the last stage of chlorosis a great diminution 
in the amount of the urohxmatinln the urine takes place; so 
also in chronic cases of htematuria, notwithstanding that the 
urine perhaps looks red. Likewise in cases of chylous urine, 
in the albuminuria of pregnancy, and in chronic Bright's 
disease. In all these eases the blood has already been well 
drained of its constituents before a marked diminution in the 
amount of the climinalfid urolia?matin takes place. 

Bltie an d Greeii Urine. — A great sensation was created some 
years ago among Clinical Physicians and Pathologists when 
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the first cases of blue and green urine 
doubted, and many disbelieTed in their e 
uneharitabte thought that the patient had hoaxed the Doctor- 
Knowledge haa, however, advanced eince then. Not one, but 
muny observers have met with the same conditions : and now 
the doubters and disbelievers in the csistence of either blue or 
green urine are only to he fuund. among the igno 

To Dr. Hassall we owe the iirat good report ot 
of blue urine. It was entitled—" On the Frequent Occ 
of Indigo in Human Urine, and on its Chemical, Physio- 
logical, and Pathological Helations." (b) 

I must here guard j'ou Bgainfit falling into the common error 
of supposing that the urine is blue or green at the moment ol 
being voided, for, as far as I am aware, such, a condition has 
never yet been observed. In the cases hitherto reported it has 
onh been after exposure to the air, or after the application of 
eheratcal agents, that the urine has been observed to become 
of the colouTB alluded to. In lIas$all'B best-marked case, 
for example, the urine was of a light brown colour when 

Toided, Bomtwhat alkalme, and hfid a specific gravity of 1017. 

In the course of three or four dar^ it became thick and turbid, 
deep brown, grDeniah, bluish green, yellowish green, and 
finally nearly black ; the scum on the surface remaining of a 
permanent, deep iiidjgo-blue colour. All these chiiiises fol- 
lowed upon simple esposure to the air ; but, as just said, 
chemical agents may produce one or more of these changes. 
Thus, for example, in Munk's case of green urine, (c) when 
passed the urine was of a dark red colour, but on the addition 
of ammonia it became green. Like everything else when pro- 
perly understood, these changes have nothing mysterious about 
them. The body has not created- anything new in making 
lihic or green urine. Indeed, as in disease no new functions 



are eyer created, but only a ebange occurs in tte rhythm and 
force of those alreaily ejdsting, so in disease no new aubstaiices 
are ever treated, but only a change takes place in the quantity 
or in the quality of those norm ally existing. It is now twelve 
years since I adopted these views, and the longer and deeper 
I peer into the wondrous workings of tke human frame, the 
more am I satisfied witk them, and the eauier do I find the 
comprehension of disease. Physiology and Pathology are but 
one study; and although a man may be a Physiologist without 
being a Physician, no man can be a Physician without heing a 
Physiologist. The same laws that regulate health regulate 
disease. The very effects we are now studying are a striking 
illustration of the juatiee of these observations. 

For example, the discoverj- of indigo in urine was thought 
to be very extraordinary, — a vegetable product manufactuied in 
an animal body! The thing appeared absurd; and, as I before 
said, the least uncharitable thought the patient had hoaxed 
the Doctor. The further science advances, however, the 
nearer do we see the animal and vegetable kingdoms approach- 
ing each other, and the less snrprised are we at finding that 
the products of the one are but modifications of the products 
of the other. Tat can be got from plants as well as from 
animals; sugar can be got &om animals as well as &om plants. 
We have albumen in the plant, as we have albumen in 
the hen's egg ; we have casein in the milk of the cow, 
and we have casein also in the plant. The Chinese know 
these things apparently even better than we do. When 
they have no milk and waat cheese, they make it &om 
common ppas by boiling them along with lime. The cheebo 
called Tao-fo is the product of the garden, not of the stall. 
So, again, with colouring matters ; each animal colouring 
matter has its counterpart in the vegetable world. The 
green colouring matter of thei bile is the analogue of the 
chlorophyll of the leaf. The red colouring matter of the blood 
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!s similar to the blood red of tlie rose. Blue urohiematm 
is tiie counterpart of indigo from the plant. The analogy 
does not only hold good in colour ; for, as is well known 
to chemists, there is also a great resemblance in the composi- 
tion of the different aniniiJ and vegetable pigments, as regards 
the amount of H, O, N, and C they contain. Moreover, in 
IBa2-53 I traced a still further similarity in the composition of 
biliveidin and chlorophyll, hccmatin and drueonin, urohie- 
matin and indigo, by finding' that they all possessed the 
common character of containing iron. And what is still more, 
I believe the day is not far distant when the chemist will 
copy the Chinaman with hiu Tao-fo, and resolve those vege- 
table and animal pigments into one another by adding or sub- 
tracting a small quantity of oxygen. 

It is well known to everybody that indigo is originally not 
a blue, but a white substance, and it is only in the process of 
manufacture that it changes its colour from white to yellow, 
yellow to green, and green to blue ; and there is even another 
grade of oxidation in which the blue indigo is transformed, to 
red. Now, as with this vegetable pigment, so it is with the 
animal pigments ; they are nothing more than grades of oxida- 
tion of a white radical, as I first hinted in the papers on 
uroh^matin, already spoken of. If we adopt this view, we 
can readily understand how c^y it is for the red hsmatin of 
the blood to be changed into the green bilivcrdin of the bile. 

All known pathological data support this view, whilst all the 
known physiological data can prove nothing to the contrary. 

Ilithcrto I have only spoken of blue and green urine ; but 
there are auch things also as bine and green ptiB[d) — miy, 
more, both Chevreul and Lecanu have during disease(e) met 
with blue colouring matters in the blood itself. 



TWa is not the place to diacufls the subject, or I could soon 
bring a mass of evidence in support of the theory that all 
animal colouring mattera originally spring from one colourleaa 
radical. Indeed, so clear does the thing appear to my own 
mind that I no longer regard it in the light of a theory, but as 
a fact. A few minutes ago it was said that the transition 
Htage, irom white Jo green and from green to blue indigo, was 
yellow. Well, even this has its counterpart in the animal 
body. Sigwart, Sanson, Lecann, and Cheyreul haTe all 
described a yellow colouring matter which they found in the 
blood ; and who can donbt its existence, for every day we 
have ample c'vidence of the fact of red hitmatin being changed 
into yellow pigmentin the cases of jaundice that are constantly 
being brought before ns. 

It is unnecessary even to go so fai as that to prove the pro- 
position ; for let us take the case of the urine itself, which ia 
alone sufficient to prove it. In. case I might be regarded in the 
light of a one-sided advocate, I shaD now liuote the ohaerva- 
tions of other authors, and in order to make the groimd more 
secure, shall select a Gorman, Trench, and English reporter. 

In Jluni's case, already referred to, the olieervations were 
made upon a man aged 39, while in Hospital, luider the care 
of Professor Traube. The patient stated that he had enjoyed 
good health until about two years hofore his admission, when 
he began to suffer from pains in the loins and trembling of 
the lower limbs. These increased, and he became so weak 
that he had to give np work. The urine was found (1) to he 
of a dark red colour ; (2) to contain neither albumen nor bile- 
pigment; (3) to stain filter-paper red; (1) to become darker 
when heated with nitric acid ; (6) to assume with sulphuric 
acid a fine deep violet colour; (6) to hecome decolorised 
when hydrochloric acid and Kiue were added to it ; the red 
colour could, however, be restored hy adding nitric acid; 
(7), and lastly, with ammonia, the mine became green. The 
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quantity passed in twenty-four hours ttbb much below the 
average; it varied from about fourteen to twenty-three 
ounces. A very small amount of chlorides ajiil iirea was 
found in the urine. 

Munk separated the colouring matter from the urine in a 
pure state, and found that it was insoluble in water, hut 
Boluble in alcohol, ether, and cMorofurm. It disaolTed in 
Boda solution with a pale red colour; in. ammonia, with a 
green; in hydrochloric acid, with a red; in sulphuric acid, 
with a dark Tiolet hue ; and in nitric acid, it became colour- 
less. When burned, it left an ash containing iron. 

In Braconnot's case, cited by Robin and Verdeil, vol. iii,, 
p. SDl of their " Chemie AnaWmique," the urine ivaa of an 
obscure yellow colour, and, after standin|», the sediment which 
was deposited &om it became of an azure blue. When sepa- 
rated, this blue substance gave to hot water a brown tint, 
■which became of a fine red {" beau rouge ") on the addition 
of strong acids. Moreover, the hot alcnhoUe solution, which 
was of a green colour, yielded a blue precipitate on becoming; 

If further evidence be wanting to prave tliat the various 
coloured urine pigments are but dilfcrcnt grades of oxidation 
of uiohiCmBtin, we have it in Kassall's case. At page 298 
of the paper already cited it is stated that "The lirst urine 
of the series, when passed, was somewhat alkaline to test- 
paper, had a specific gravily of 1017, and was of a light-brown 
colour ; there formed on its surface, in the course of three or 
fbur days, a thick, greasy-looking, soft scum, consisting of 
Tibriones, and very many large and fine crystals of triple 
phosphate ; at about this time the scum became greyish-blue, 
layender, bright blue, and finally, after three or four days 
more, of a deep indigo-blue colour, which was permanent." 

Thus are explained the various colours and reactions of the 
urine that have been recorded by Gilthrist. Heller, Vogel, 
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Bthunck, Lindsay, and a number of others, who have, within 
ihc last few years, bo eiirithed the literature of tlie subject. 
All these ehangea which occur in iirohieniatiniiut of the body, 
ta tho pffccUi of rciigcnta or simple exposure to the air, are 
primarily due to its constitution, having been altered in tho body 
hy the effects of diaeasc. I haye seen in diphtheria, in low 
fever, in phthisis, and in many other exhausting diseases where 
the vital powers were much reduced, and the arterialiaation of 
the blood interfered with, hydrochloric acid throw down blue 
crystala of uric acid. Although there is sufficient blue uio- 
ha^mntin (" urouidigo ") to colourthe uric acid crystala, there 
is often in these cases not sufficient to render the entire urine 
blue. Occasionallyuricacid is deposited of apurplecolout. In 
all such cases it will be found that whatcTer supports the lital 
powers tends to diminish the amount of uroindigo in the urine. 

I must here warn beginners against falling into the error of 
mistaking the colours of the urine produced by remedies for 
those arising from disease. Thus santonine.picrotoxine, gam- 
boge, rhubarb, and senna all cause the urine to become yellow ; 
while turpentine turns it violet, and arscnurctted hydrogen 
and creosote make it black. So that one must always begin 
by asking what remedies the patient has been taking. 

Most coloured remedies produce no effect on the colour of 
the urine. 

Broarn and Black Tr in e.— There arc two entirely different 
diseased states in which brown and black urine are met with. 
In the one, the urine at the moment of being passed is of a 
deep straw colour, and perfectly transparent ; but becomes 
gradually darker and darker in tint (without, howerer, losing 
its transparency) until it is as black as porter. In (he other, the 
urine varies from a chocolate fcrown to a brownish-black hue 
at the moment of being passed. It is not usually transparent, 
and deposits a quantity of flocculent sediment, which, when 
examined with the microscope, is seen to be made up of brown 
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or redfUat-teo-n 


Ti granular pigment, 


a few blood discs 
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frequsntlya qua 


.ntity of renal tube cast 


.s, together with en 
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ofimeai^id, etc. 


. In this last class of i 


cases the dark colour of 



jnorphosis of blood 
cells, and conoequent mtreibed eliminition of abnormal uro- 
hiematin, but to a local disorganisition of blood torpuseles, 
either in the kidne) alone or m the liver and kidney com- 
bined ; but aa the considerotion of this condition more 
properly belongs to the chapter on. h\.mitiina we must leavt 
it for the present and merely direct attention to that peculiar 
condition of the unne which is supposed to result from the 
presence of melanm 

In 1868, Dr Eiaelt of Prague called attention Ki the fact 
that in certain cises of disease the mine although quite clear 
when passed, graduillj becomes oi a dirk colour in conee- 
quencn of a process of slow osidation going on. Tic further 
showed that by the employment of an active oxidising agent. 
Huch as nitric or ehromic acid, the fteshly-passed urine could 
he instantly made to assume a black hue. Moreover, he 
observed that in the three cases of this kind which fell under 
bis observation, the patients all laboured under melanotic 
cancer, and I have myself added another to the list.(f]. The 
presence, therefore, of melanin in the urine in obscure cases 
may occasionally help us to a correct diagnosis. It is, how- 
ever, necessary to remark that a somewhat similar state of the 
vixine, as here described, is occasionally met with in other 
examples of disease, besides that of melanotic cancer. Great 
care, therefore, must bo taken not to confound them ; for 
although black urine invariably indicates the existence of 
serious mischief, all the cases in which it occurs, either after 
the addition of reagents or of simple exposure to the air, 
are not necessarily hopeless ; fiir just aa we may have agreea 

(!) " On Jaundice and Diseases of thB Liver nnd Pancitas," p, 68. 
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or a blue mohirmatin, so ive may have a Tjiqmti or a bkck 
one. There is nathing incomprehensible in thia when we 
consider that melanin, like the other animal pigments, is a 
derivative uf the colouring matter of the blood, and like it 

While working in Robin an.d Veidsil's laboratory in 1862, 
I prepared a quantity of pure melanin (g) from a melanotic 
cancer, and compared it willi the brown pigments normally 
existing in the body— among others, with that of the choroid 
coat of the oye — and I satisfied myaelf that the normal and 
pathological, when perfectly pure, are not distinguishable 
from each other, either by their appearance or properties. 

He e can readily understand why we should occasion- 

11 thmi. hare got raelanio. in the urine in cases where no 

m on ncer exists. Li the article on jaundice already 

rr d case is related of the kind which fell under ray 

ti m 0. The patient was a woman, aged 22, Buffering 
& m an ta k of jaundice ; the urine was slightly albuminous, 
and became black on being boiled with nitric acid. As she 
perfectly recovered in the space of six weeks, it is not at all 
probable that she laboured under malignant disease. SinoB 
then, three other cases of suspicious mine of this kind have 
fallen under my notice, and in all of them the urine was, as 
in the above, albuminous. 

Although, then, it is no doubt quite possible to have 
albumen in the nrlne in a case of melanotic cancer, yet, as 
albumen is an almost invariable concomitant of the brown and 
black urine of other diseases, while it is only exceptionally 
present in that of malignant affections, we may perhaps, as I 
shall afterwards show, be able to make use of its presence as 
a diatinguishing sign, especially if it be in accordance with 
the history and other symptcnns of the patient. 

(g) " Chemle Analomlquc," toI. lit, page SIM, 
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PHOaPHORlC ACID, AND PHOSPHATES IN I 

8P1SAL COKD, BRAIN, BLADDBR. E1CKET3, AND OTHER 
A5TE0TI0NS ; PHOSPHATiC DRAVEL AKD CALCULI, THEiR 
DIAQtIOSIS AOT) TREATMEKT. 



. yentuTing to endorse the ai 
writer, tliat " a man with, too Htlle phosphorus in Ma brain 
is an imbecile, and one with too much, a maniac," we 
oamiot but admit that phospliorug, in some form or other, 
is an indispen'Jable ingredient of the human frame. This 
arises from tlie fact that no other element with which we are 
at present acquainted seems capable of supplying the place of 
phosphorus in the ammEil tiKSUCS. 

In a free state phosphorus is never to be met with, either in 
the body, or iu any of the excretions, eKcept when it has 
been taken internally in medicinal or poisonous doses. In a 
combined state, on the other hand, it enters very largely into 
the composition of our frames, and appears to perform a very 
multiiarious part in the proceasea of life. Not only is phos- 
phorufi to be found in human bones, and in human brains, 
but even in the bodies of the minutest animals and plants in 
which all differentiation of tissue and of function is alike 



The element pUoaphorus is, as ia well Itnown, a yellow, 
wajt-likc solid, eaaily mpltcd, and highly inHammahle. It 
takes fire apontajieously when raised to a temperature about 
equal to that of human blood, and has, consequently, to be kept 
under water. In a, free stale phosphoruB cannot be said to 
exist in Nature, but in aii oxidised torm, as phosphoric acid 
united with lirae or sorae other base, it ia widely distributed 
throughout both the organic ajid inorganic imiverse ! so that 
the human body may he saidtO' draw its supply, not only from 
the food we eat and the water we drink, but eren from the 
Tery air we breathe. 

Phosphorus is excessively easily oxidised, and eombincB 
with oxygen in the three proportions of one, three, and five 
(PO, PO^, PO,), all of which combinations are acid sub- 
stances. It is, however, chiefly, if not entirely, with the last 
that we have W do, and its presence or absence from any 
fluid can be ascertained in the following manner :^ 

To the suspected liquid add a little acetate of soda, with a 
drop or two of acetic acid, then slowly pour in a small 
quantity of the sesquichloride of iron. The formation of a 
gelatinous precipitate of the phosphate of iron (FeO|POj) at 
once reyeals the presence of tht suspected substance. When 
only a small quantity of phosphoric acid is present, the pre- 
cipitate is slow in forming, and the liquid at the same time 
becomes red, in consei^uenco of the action of the acetate of 
Boda on the excess of iron in the mixture. 

The phosphoric acid found in the urine ia not in a free 
state, hut is combined with the two alkaline bases, potash 
and Boda, and the two earthy bases, lime and magnesia. 
Normal urine contains about four times more of the alkaline 
than of the earthy phosphates, while of the earthy phosphates 
themselves there is about double the quantity of phosphate 
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of iTUPTi^^jm thxl there b «f phosphaie of Hme. Nmlmi^, 
Kema, Ldunann. Bockfr, and KletiiiuLy are of an of^Ktate 
cfdnkm. Tliey '^'rnt the -pbo^pluie of limf pnpoadoates 
OTS the ptuKpliue of ma^e^ia. Thf difeient rcsulCE 
obttined by Ifaese ob^errers, al^hou^h no doubl chiefly due 
to the difieroices in the diet of the per^aos operated npoo, 
may also in some mcasare aiife frtuii the differences in the 
ages of the panents, for, I ilunk, it will yet be found Iliat 
while in the nriiie of the eroTing child the phesphate of 
magnesia preponderates, in the urine of the a^ed it is thp 
pfaoephate of lime that i± in excess. The child'^ body re- 
*»■"'"; the limp in order to foim its bones and teeth, while 
that of the aged prason, Imvins ceased to require a aapply 
lor that poipose, allows it to pasf avay irith the urine. 

Phosphates aie neTcr deposited Epontaneously from healthy 
urine. No sooner. horeTer, does the urine become stale. 
and its urea deeompose. tlian crystals of triple phosphate 
(■iilgO.XH.O.POi) are precipitated. This arises from the 
circuiDstani?e that the earthy phosphates are only soluble in 
acid solutions, and when ihf urea is decomposed i[ is chan£:ed 
into carbonate of ammonia, irhich causes fie urine to become 
alkaline. A similar result may be oblaiued artificially by 
simply adding a few drops of ammonia to fieshly-passed 
healthy urine; an immediate white precipitate of the earthy 
phosphates being thereby induced. 

The precipitate consists p^utly of the ammonia co-magnesian 
phosphates (triple phosphates) and partly of the phosphate of 
lime. Phosphates are in general fine microscopic objects, but 
flie appearances they present greatly depend on w-helher they 
are rapidly or slowly crystallised. ttTien the ammoniaco- 
magnesian phosphate crystallises lapidly. as happens on the 
addition of ammonia to freshly.passed urine, it assimies the 
form of fine fealhera and fronds, cither singly or in stellate 
groups. Fig. 12. "Whereas underthesamt 



simple phosphate of lime falls down as an amorphous powder, 
or assumes the form of round globules. 
Fic. 12. 




Fio. 12- — CrjgtftlB oE triplo phoaplmtfls rapidly dspoelted In huruoD uriao. 
On the other hand, when the ammoniaco-magnesian phos- 
phates are allowed slowlj to crystallise, as, for example, when 
the mine becomes gradually alkaline from the decompositioii 
of its urea, and the consequent formation of the carbonate of 
ammonia, the triple phosphates, instead of appearing as feathers 
and fronds, assume the form of well-defined prismatic crystals, 
large enough, in most cases, to be risible to the naked eye. They 
are usually many-sided prisms, terminating in abrupt angles and 
facettes, the largest of the crystals being beautiful polariscopic 
objects. A selenite plate adds greatly to their beauty, for by its 
means a fine red field and deep blue crystals may be obtained. 
It is only the prismatic and modifications of the prismatic 
form of erj-etals that polarise. The feathery phosphates show 
DO play of colours. 



Aa the priamatie crystals of the triple phosphate frequently 
form a. stum on the surface of urine, the idea has got abroad 
that all prismatic crystals so found must ncccsaarilj- be 
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ea. This has leit to the invention of many ingenious 
1 order to explain why this scum and these 
supposed crystals are occasionally met vrith in acid urine, 
it being well known that triple phosphates are soluble in acid 
solutions. The fact of the case, howerer, is thnt the prismatic 
crystals whichappear in acid mine, as I shall afterwards have 
occasion to show, are frequently not phosphates at all, hut a erya- 
talljjie organic substance of an important nature — creatinin. 

As regards the simple phosphate of lime (3CaO,POj), 
which, when rapidly precipitated, falls down as an amorphouB 
powder, Dr. Hossall has shown that, when allowed to crystallise 
slowly, as, for example, under the condition just alluded to— 
the decomposition of urea in normal urine, — it aasumes a 
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cryBtalUne form. The crystals of the simple phosphate of 
lime appear in this caee also in the form of piisius. The 
oonclusions arrived at by Ha^sall are ; — 

1st. That phosphate of lime occurs in human urine in a 
cryatallinc form. 

2nd. That it is of fcequent ccciurence. 

3td. That it is of greater pathological importance than the 
triple phosphate. 

The foregoing remarks are only applicable to the earthy, for 
the alkaline phosphates are bo soluble that even the addition 
of aramonia does not cause them to crj'StaUisc. If, for 
example, I filter a urine to which ammonia has been added, 
and thereby separate the earthy phosphates, which of course 
remain behind on the filter ; on adding to the clear filtrate a 
little carbonate of ammonia, and some sulphate of magnesia, a 
second white flocculent precipitate falls down, which, when 
examined with the microscope, is found, na in the first case, to 
consist of beautiful feathery erj'stala of triple phosphates. The 
explanation of this fact is that the phosphoric ■icid, which was 
united with the soda and potaali m the form of soluble salts, 
has, on the additiun of the ammonia and mi|^(.sm, left the 
soda and potash, and entered mto combmation iMth the 
ammonia and magnesia in the form of the mtoluble ammo- 
niaco-magnesian phosphate, while the carbonic acid of the 
added ammonia, and the sulphuric acid of the <idded mignesia, 
have combined with the soda and potash in the form of soluble 
salts, which remain in solution. 

It is seen, then, that a quantitative analysis of both the 
earthy and of the alkaline phosphates in urine might easUy be 
made by proceeding aa has just been explained, all tbat is 
required being to operate on a given quantity of urine and 
collect, dry, and weigh the two precipitates. That obtained 
by the simple addition of ammonia would represent the earthy 
phosphates of lime and magnesia ; while that subsequently 



obtained by the addition of the carbonate of a: 

sulphate of magnesia, would coneEpond to the amount of the 

alkaline phosphates of soda and potash in the secretion. (a) 

There are no less than three different forma of phosphate of 
aoda in human urine— an acid (NaO,POs2HO), a neutral 
(2NaO,P05,nO). and an alkaline (aNaO.PO,). 

Some think that the acid reaction of the urine is chiefly due 
to the presence of the acid phosphate of soda, bnt aliiough it 
raay conduce to, it is not the chief cause of the acidity. When 
feebly acid or nentrai urine is boiled, more especially if it 
contains an excess of earthy phoaphatea, a white cloud, 
which is frequently mistaken for albumen, falls down. Thia 
cloud or precipitate is easily distinguished &om albumen by 
the addition of a few drops of acid, which, wliile it clears 
phosphatic, onlyJendera albuminous urine more opaque. 

Soherer explains the deposition of the phosphatee by boiling 
on the grounds that heat changes the more soluble neutral into 
the leas soluble basic salts. 

2(2CaO,POj,HO) + 2(2MgO,PO,,HO) 
^ f 3CaO,POj r CaO,2POi,HO 
UMgO.POs* LMgO,2P05,HO. 

The muddy appearance of alkaline urine is in great part due 
to the presence of insoluble phosphates, and in the deposit at 
the bottom, as well as in the scum on the top, crystals of them 
can easily be detected, 

Clear urine containing much phosphate of magnesia, as after 
a doae of salts, for example, is at once rendered turbid by a 
drop or two of ammonia which causes a precipitate of the 
ammoniaco-magneaian triple phosphate to fall down. 

QuaitfifailEa Analysia. — There are three methods by which 
the amount of phosphoric acid in nrine may be ascertained ; — 



lat. By precipitating the phoaphoric acid in the form of 
earthy phosphates, and -weighing the amount, as atatpd aboTe. 

2nd. By a standmd solution of the perchloride of iron. 

3rd. By a standard solution of uianic oxide. 

Of these tliree methods, the last being now acknowledged 
to be the best, I ahall describe it. 

1st. Preparation of alandord solution of uranic oxide. 

Dissolve 20-3 grammes (314-65 grains) of pure nranic oxide 
in stiong acetic acid, and dilute the solution -nith distilled 
water up to 1000 c.c. (32'2S oz.) Each cubic centimetre of 
this solution will equal 0-005 gramme of phosphoric acid, 
which Neubaupt considers is the moat convenient strength. 

2nd. Acetate of soda solution. 

Take 100 grammes (1560 grains) of acetate of soda with 100 
c.c. of pure acetic acid, and dilute with distilled w-ater up to 
1000 C.C. 

3rd. Prepared paper. 

Cut some -white filter paper into strips, nnd saturate tliem 
with a concentrated aolutiun of feiTOcyanide of potassium. Dry 
and preserve them in stoppered bottles for use. 

Method of Analysis. — Being provided -with the above solu- 
tions, proceed as follows ; — To 50 c.c. of clear urine add 5 c.c. 
of the acetate of soda solution. Heat the mixture, and while 
still warm add, drop by drop, the standard solution of uranic 
oxide (from the apparatus described under the head " Urea 
Analysis") until a precipitate ceases to form, or, what is stiU 
easier, -until a piece of the dry, white paper, saturated -with a 
solution of feri'ocyanide of potassium, is stained brown, on 
a drop of the mixture being allowed to fall upon it. 

Supposing that 20 c.c. of the standard solution of -uianic 
oxide has been required to precipitate the phosphoric acid in 
the 60 cc. of urine, and, as was said, 1 c.c. of the solution is 
equal to 005 gramme of phosphoric acid, it is evident that 
the 50 c.c. of urine must have contaiaed 0-1 gramme of 
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pliosplioric acid. : 
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of earthy phosphates, they ate to be dissolrcd by m 
few drops of hydrochloric aeid before the standard solution is 
employed. If the urine likew.ise contains mucus, Elter it after 
the addition of the hydrochloric acid. If albumen, separate 
it by boiling. 



As already saidj phosphoric acid seems to play a most im- 
portant part in the animal economy, for it not only enters 
Tery largely into the composition of the bones and teeth, but 
is likewise found in the blood, nerves, hrain, and muscles. 
The quantity of phosphoric acid daily excreted with the 
nrine by a healthy adult amomits to about 3-22 grammes (60 
grains). Or, according to Parkes, 0'336 grain per lb. of 
bodily weight. 

All the phosphoric acid found in the urine cannot be said 
to come from the metamorphosis of the osseous, nervous, and 
muscular tissues, as a large proportion is the direct product 
of our food. Bread, beef, and potatoes are exceedingly rich in 
phosphates. 

J lb of beef contains on an average about 30 grains. 

„ bread „ „ 32 „ 

„ potatoes „ „ 10 „ 

Fatty, saccharine, and starchy fijoda contain, on the other 

hand, coropatatively little. The more, therefore, we indulge in 

bread, beef, and potatoes the more phosphates are eliminated 



with the 111106.(3) Even th-e vety fajces, after the greater 
part of their phosphates hare been absorbed during their 
passage along the digeatire canal, still contain 10, 20, or 40 
per cent,, the amount varying according to the kind and 
quantity of the food and drink. 

In the urine of a small but well-made, healthy female child, 
aged 17 months, I found ou the average of two daya 0-832 
gramme (12-898 grains) of phosphoric acid in the twcnty-foiir 
hours' urine, and calculating the amount for every pound of 
thechjld's weight (21 lbs.), it gives 0-04 gramme [0'62 grain) 
per lb., nearly double what the adult passes. This result waa 
certainly contrary to what I anticipated, but 1 have little 
doubt it arose from the child being fed on food rich in phoa- 
phatea (milk, beef, and bread), and its appetite being also 
remarkably good. 

On another occasion I analysed the urine of an infant 
aged six months, which received no food beyond its mother's 
mUk, and its urine contained tbe merest traces of phosphoric 
acid, not sufficient to be worth a quantitative analysis. This 
child was teething at that time . 

Old people's urine in general contains an abundance of 
phosphates. This sample of urine from a man aged 70 gives, 
aa you perceive, a very copious deposit of earthy phosphates 
when it is rendered alkaline with a few drops of ammonia. 

The more fluids we drink {cecter-is paribus) the more phos- 
phates (of the food) are dissolved and taken into the circula- 
tion, and the greater is the amount eliminated with the urine. 
Phosphates never entirely disappear from urine, even after 
prolonged fasting, so it ia perfectly evident that the quantity 
passed under such circumstances must represent the amount 



SPOST,lSEOi;sl.Y DEPOSITED. 131 

fumisheJ by the diBintegralion. of the tissues, more pai- 
ticularly of the ncn'oua and oaaeous, which are by iai the 
licheet in. these ingredients. 

I must here warn you against falling into the common error 
of supposing that whenever there is a spontaneous deposit of 
phosphatea in fresh, urine, there must necessarily be an ex- 
cessive elimination, for exactly the contrary may he the case. 
If, for example, the urine ia from any cause alkaline, as was 
before shown, the earthy phoaphatea being insoluble in alkaline 
solutions, they are immediately thrown down. On the other 
hand, should the mine chance to be abnonnally acid, there 
may be an excessive elimination both of alkaline and earthy 
phosphates, and yet no precipitate be visible. An excessive 
elimination has on this account often escaped detection. In 
fact, there is no possible means of ascertaining the amomit of 
phosphates in the urine except by a quantitative andysia, and 
this is the more unfortunate, seeing that their quantity, in 
many cases, furnishes a valuable clue to diagnosis, as well as 
an important guide to treatment 

\a It oecasionally happens that a spontaneous deposit of 
phosphates falls down after a patient lias taken a dose of 
sulphate of maj,ncs t this circumstance must ne^er 1 e for 
gotttn m cases where ise ate giidmg oui treatmtnt hy the 
results of our onaljaes 

There is still another point to be borne in mind — namely, 
that many of the drinking waters in different parts of England 
contain a large quantity of lime, and that persons who have 
been perfectly free &om phosphatio urine in one district may be 
suddenly attacked with it on going to reside in another where 
the above-mentioned condilion of water exists. This occurs, 
of course, only in those in whom there is a predisposition to 
phosphatic affections, either in the shape of gravel or stone. 

On examining urinary deposits under the microscope, one 
occaaionallj meets with a specimen containing crj-stals of both 



CT7«Ul* of oric acid Ten fixmed w^a tte nne ni btA 
tad acid, wiale ihow «f Ibe phoifihrtw ip peiJ iMa. vten 
deoampoBtko bad m^ind tbe anntnn aika&e. Brtnat- 
m; radi • cpnimen of iniiie, tii« erymk of aric add dis^ 
p««> in cuueqnencc of beiiis tnaaSarntBi ibid Ute male of 
ammnnia : whn«a« the plxxplute* nmiin VBdusalrTd- 
Ph'y^tiata sad oxalates uv occa^ioikillT fcood asaooaled 

LA« >I1 other miiuzT ineredients. iLf amount of phoepluute 
acttl eliminaud viih the Qrine noderfoes ■ marked change in 
diwaMi and tliia. too. iirespectine of tlie mduence of ■ 
rhariKC in diet, which is ■dmined 10 be a fortor of mucfa. im- 
jMntanur, weing that, sa befbie mentioned, certain kinds of 
fmj'l riirnuh to the Bystein twice, thiice, or even four times a* 
iriuth phiMphotic aHd as otLf^s. The diminudon in the 
ol iniiiLatioD of phtMpharic acid vrhich takcf, place in many 
fiiirlle and inflaroroatory affections mav, no doubt, beiasereral 
cuttt thiefij due to the low diet. In some few, howeter, it is 
even much leu than can be bo aceounled for. 

Vogel, in a case of pneumonia, found the amotmt of phos- 
phoric acid reduced daring eight dap to an averaa:e of 1"417 
Eranunes (22*G9 i^aiiiH), leas than half the normal amount. 
IJn the other hand, it has been ascertained that in inflamma- 
liiTj dii>cai>e(i of the nercous system, notwithstanding the 
low diet on which the patient may be placed, there is an actual 
increase instead of a diminution, in the amount of phos" 
phoric acid excreted. Tliis has been noticed to occur both 
in the idiopathic and traumatic foinns of itLflammatory action- 
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Dr. Eciice Jones found an excessive increase of phosphates in 
a case of phcenitis ; while in a eaae of paralyBis following upon 
injury to tie head which was in University College Hospital 
under the care of my colleague, Mr. Eriehsen, I found an equally 
enormous excess of phosphates. A few days after admission, 
the patient eliminated no less than 8'749 grammes (135'609 
grains) of phosphoric acid in twenty-four hours ; and this, too, 
at a time when he waa taking very little food, and that little 
poor in phosphates. The urine was at the same period 
Btcougly alkaline, and gave on standing a copious spontaneous 
deposit of earthy phosphates. Gradually, as Oie patient 
recovered from the effects of the injury, which was chiefly 
in the neighbourhood of the fourth ventricle (as diagnosed 
from the presence of sugar in the urine), the phosphoric aoid 
daily diminished, notwithstanding that his food was more 
abundant, and of a kind richer in phosphates. 

As this case is exceedingly important, I shall here give the 
result of the analyses, some of which were made by my former 
pupil. Dr. Pringle : — 

Tu>enty-/our Hours' Urine. 
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This ie an unuHually msfructire case, both for the reasons 
slready given, nnd because, wbile normal urine contains about 
four limes more alkaline tban earthy phosphates, their relation- 
ship, on the day note whs taken of it, was entirely reversed ; 
the amount of the earthy phosphates being double that of the 
alkaline. The case is still further interesting, from the fact 
that, after the man had recoTered &om the effects of the 
injury, the amount of excreted phosphates actually fell below 
the normal standard, making it appear as if the body, in order 
to compensate for the previous loss it had sustained, was 
leplenisliing itself with an excess of phosphoric acid from the 
food. Hassall relates the case of a ivoraan, aged 64, labouring 
under partial paralysis of the l*g, whose urine contained such 
an amount of triple phosphates that it was thought to be 
purulent. 

This excessive elimination of phosphates in cases of para- 
lysis is exceedingly difficult to remedy— more especially when 
the paralj'sis is due to disease in the spinal cord — it being the 
cause, not the effect we hare to combat ; for just as albu- 
minuria is but one of the signs of Bright's disease, so is the 
excess of phosphates in the urine only one of the signs of the 
severe nerve-lesion ; which must, of course, he treated accord- 
ing to the special requirements of the case. One hint, how- 
ever, I may venture to give regarding the treatment of these 
ci ' 1, that wherever there is an absence of inflam- 

rc itoms, and the paralysis appears due to a degene- 

n d-nutrition of the nerve tissue, one of the most 

SI les of treatment is to restore to the system the 

p acid it has lost. In such cases, phosphoric 

ai oves of even more signal service when combined 

■».ij. n.uu.. doses of strj-chnine, which, as is well known, is 
one of the best nervine tonics in the Pharmacopoeia. 

"Where phosphoric acid is taken internally, either in a &ee 
or in a combined state with sodft, it leappeais in the urine in 
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the form of phosphate of potaah (Biickcr). So that, if at any 
time we wish to dimiiiish the amount of potash and inorease 
the quantitT Ot soda m the STitem all that 13 required IB to 
giTe phosphate of '^oda 

In mama, Dr buthorlind concludea from llie results of 
several anah e« that ncre made forhmi b\ Dr Bcale that 
the phjaphates m the unne are increased duiuig the acute 
parovysin and diminished dtitinf- the tubaequent state of 
exhaustion He thinks also that there 19 a diminution of 
the phoephates in the unne in acuti dtmontia as well as in. 
the third stage of paralysis of the insane 

In cases of delinmn tiemene, Dr. Bencc Jones found the 
phosphoric acid Jiminished in the urine. 

On some rare oecasioaa the urine has been observed to be 
phosphorescent at the moment of emission, the falling drops 
being luminous in the dark like those of phosphorescent 
Bea water. The cause of this appearance is as yet unknown. 
These cases generally occur in Tiinter. 

In diseases of the bladder the urine ia often observed, at the 
moment of its emiasion, to be loaded with crystals of the 
ammoniac o-magnesian phosphates ; a circumstance ivhich has 
not unnaturally given rise to the false impression that in all 
Buch cases the phosphates are in eseess. AVhereas it occa- 
sionally happens that in some of these very cases, instead of the 
elimination of the phosphates &om the system being exeeaaive, 
it is actually below the normal standard. The explanation of 
this fact has already been given when speaking of the physio- 
logical relations of phosphoric acid. It will he remembered 
it waa then pointed out that the earthy phosphates ate always 
preeipitated in alkaline liquids, whether they chance to be in 
small or large quantity. Hence the appearance of a deposit of 
phosphates in alkaline urine freshly emitted, from a diaeased 
bladder is no criterion of their absolute quantity. He this, 
however, as it may, the great point of prattieal importance 
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remains the same — namely, that all such cases merit close 
attention, and that the best energies of the physician must be 
directed to preventing a deposition of the phosph^tea taking 
place during the urme s sojourn m. the hladde This point 
we shall have occasion to recur to when treating of the utility 
of benzoic acid and opium in the aLkalme urine of vesical 
disease. 

In Bright's dise'ise and the Tarious other firms of alhu- 
mimiria, the phosphates like most ot the uriiiarj- salts, 
undergo a considerable dimiinition on account if the diseaae 
of the kidiieyi prei entmg their elimination 

In gout thej are als> said to be diminished 

In cases of rickets the phosphates in the urine especially 
the phosphate of lime ore (.reath inereaseJ (Lchmann, 
Neubauer, and myselt)— a fatt ^Nhich may be turned to most 
uaefiil account in practice. 

Some physicians haye erroneously imagined that as there 
is an excess of phosphates in the urine in cases of rickets, 
there can be no lack of them in the system ; whereas it is 
exactly the reverse, the excess in the urine being obtained 
from the bones, which gradually become softer and softer as 
the phosphate of lime is drained from them. In order to 
compensate for this loss, therefore, we ought to give to the 
child hone earth (superphosphate of lime). The dose of this 
substance for a child of three or four years old ia live grains 
three times a-day. As the salt is very insoluble, I, like many 
others, have had it mixed with various substances, mUk, cod~ 
liver oil, glycerine, mucilage, etc., without, however, succeed- 
ing in obtaining a good mixture. Indeed, the only true solutiona 
that I have obtained were made by dissolving bone-earth in 
phosphoric acid, the solution being afterwards rendered clear 
by the addition of a drop or two of sulphuric acid. They 
contained five grains of phosphate of lime to the drachm of 
syrup. These "syrups of phosphate of lime" are at first 
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colourless, as well as clear, but graduaUj after some weeks 
tbey become of a lioli sherry wine colour in consequence of 
the gradual action of the acid upon the eyrup. There is one 
great objection to their use, howeyer — namely, that they are 
BO acid that many children refuse to take them. 

It is better, therefore, in the majority of cases to content 
oneself with giving the finely ^lowdered bone-earth, either in 
a mixture along with cod-liver oil, or in milk, without any 
attempt at artificial solution, triisting entirely to the dissolving 
powers of the digestive secretions for its solution and absorption. 

This plan of treatment cannot be too widely known, for it 
is no exaggeration to say that of the numerous cases of rickets 
I have treated with the superphosphate of lime, I do not at 
the present moment recollect a single instance in which it 
did harm ; while, on the other hand, I remember many that 
were benefited, and several that might be said to have been 
actually cured, by it. The word cured is here used advisedly, 
for I have had children of trom two to three years of age 
brought to me at the Dispensary and at the Hospital who 
could neither stand nor walk, although they liad already been 
under the usual routine of ti'eatment, and these same children 
after six weeks' administration of the superphosphate of lime 
have walked into the waiting-room, with no other assistance 
than that of their parent's hand. 

It would be wrong, perhaps, to attribute the entire benefit 
to the superphosphate of lime ; but there can be little douht 
that the other means were only auxiliary, and that to the 
superphosphate ie chielly duo tlie successful results. 

The circumstance which had the greatest effect in inducing 
me to give in this way bone-earth was my having noticed that 
the peasant women in the villoges round Giessen give their 
children lime along with their milk. On asking why they 
did BO, the answer invariably was, " to make their legs 
straight"— a point of no mean importance in that country, 
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■where it ia nnt the length, but the breadth of the female 
gnrmciita which constitute their chief beauty, neither petti- 
coats nor dress being under any circuniBtances permitted to 
reach below the knee. TVhether or no the handsomely- 
formed limbs of the fair ses in the A'alley of the Labn and 
ila neighbourhood ought to be attributed to the judicious 
maternal administration of lime may be a matter of opinion ; 
but nevcrthclcas, be that as it may, the two facta here related 
remain undeniable. 

To children of the tipper class there is fortunately anollier 
mode of supplying their bonea, rauaclea, and nerves with 
phosphates — namely, by giving to them bread raised with 
" Brofopian " instead of cream, of tartar. This substitute (an 
American preparation) makes bread exactly like that made 
with creani of tartar, and it has the additional advantage of 
contaiiuiig nothing hut what is to be foimd in beef-steak, com, 
wheat, and other cereals. It is also said to have the still 
further advantage of making the cakes, biscuits, or bread 
more palatable, so that children eat them without hesitation. 

Klollitics ossium is another of those diseases in which the 
phoBphatcs are greatly diminished in the bones, while at 
the same time they are increased in the urine (Beale) : 
and there can be but little doubt that the same treat- 
ment whith has been said to be so useful in rickets 
will be equally serviceable iece. Indeed, wherever there 
is an excessive elimination of phosphates from the sys- 
tem, without any deposition of them taking place in the 
urinary passages, the best line of treatment to adopt is to gine 
more plmsphates ; and that, too, for the same reason that if 
you had to bring to a person a pint of water in a pail with a 
hole in its bottom, which you had not the means of stopping 
up, you would put much more than a pint of water into the 
pail in order to allow for the loss likely to be sustained in 
the transit. 



Whon the excessire elimination of pliosphati^s, on the other 
hand, is attendeil by a, depoeitiou of a part of them, in the 
uiintity paBsagea, in the form of sand, gravel, or Btone, an 
entirely different line of treatnaenl ought to be adopted, 

PaOSPHATlO QttiVEt, AND CaLCULI. 

Earthy phosphates are frequently deposited from urine 
bafore its emission from the bladder. The deposition rasy take 
place either in the kidney, and give rise to a renal calculus ; or, 
what is still more common, bun fortunately less dangerous, it 
may take place in the bladder, and produce an ordinary stone. 

The psthulagy of renal and veaical phoaphalic calculi is 
neverthelesB Tery different. ThuB, renal phosphatie calculi 
arise in one of two ways — either from the urine containing an 
excess of phosphates, in consequence of a vice in the tlssuea 
which contain them (banes, brain, Sic.) ; or from the urine 
being alkaline at the moment uf its secretion in consequence 
of being secrcied from abnormally alkaline blood. 

In the case of vesical calcnli, on the other hand, in addiilon 
to the cauaesjust mentioned, there eiLsts still another fruitful 
source of origin in the numerous diseased conditions of the 
bladder itself Thu", for example, whatever induces retention 
of the urine and favours the -decomposition of its urea, as 
occurs when a piiienl is labouring under paralysis of the 
bladder, or stricture may give rise to a vesical phosphatie 

Diseases of the digeative orgsjis. whicti are among the most 
common cauaea of the other kir^ds of giavel and stone, also 
exert a particular influence over the formation of phosphatie 
calculi. And the disease affecting Chfse organs has not un- 
frequently so masked the symptoms produced by the stone 
that its presence has remained undetected until revealed by 
the post-mortem examination. 

A specimen of renal calculus, sent to me by Dr. Roome 
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while he was PhyBician to the Dartmoor Prison, fumiaheg a. 
most strDiing illugtrslion of the correctness of this iGmatk. 
ThefollowingisthehiBtorj:— The patient, a lonTict, aged 60, 
had lived a vet}' dissipated life prior to his conviction, and 
during the two years succeeding his conviction he Buffeted 
from gaalric derangement, without presenting any symptoms 
which would have led to the suspicion of renal disease. This 
ig the more surprising, seeing that no less than five ounces and 
a half of phosphatic calculi were leraoyed after death from the 
right kidney (the left contained none), and one of the calculi 
alone weighed three ounces and three-quarters. The man 
died from cancer of the pylorus, which induced a Btricture of 
the orifice hardly admitting of the passage of a crow-quill. If 
any renal symptoma existed in this case, they were entirely 
masked by the more serious disease of the stomach. All Ibe 
calculi consisted of triple phosphates. 

As regards the first step in the formation of calculi, it may 
be laid down as a general law that l/ieir foTmation in any 
particular part of Ihe urinary gystfiii is due to lome tpecial local 
came. If a calculus begins in a urine tube, it is on account 
of the tube getting blocked up with mucus, epithelium, or a 
little blood. Or it may a^so arise from the tube being tem- 
porarily constricted in some parts of its course in consequence 
of inflammatory action. Once, however, that the deposition 
of urinary sediment has hcgun, the original cause is soon lost 
sight of, and the calculus goes on forming round its nucleus 
quite independent of the local condilion which first called it 



When a phosphatic calcnlus, instead of beginning in a urine 
tube, originates in the pelvis of one of the kidneys, theremay 
be no absolute nhatruction to the flow of the urine, hut merely a 
slight intenuption, as from afragment of mucus adhering to the 
side of the lining membrane of the pelvis. For, when a predis- 
position to the focmatiou of a calculus exists, it requires but a 



Ttry tr illin g eaiisp to call it into operation. Almost anything 
may form a nest rovmd whicli the stone will gradually become 
deposited. 

This is no fanciful description of the formation of renal 
calculi, as you may see by talcing the trouble to examine the 
series of examples now on th e table, each of ichlch bears 
eridence of the truth of the statement. In fact, the assertion 
might be proved without any specimena at all, ftora the 
simple circumstance of the frequency with which we meet with 
renal calculi limited to one kidney in patients predisposed to 
stone. Thatfaet of itself clearly shows that the deposition of the 
Btone in any one particular spot must he entirely due to some 
local cause. Thus, for example, we have here a kidney, which 
contaijis no less than fifty-nine uric acid calculi ; and yet 
neither in the bladder nor the opposite kidney of this gentle- 
man was a. single stone tJ> be found. The deposition of all these 
calculi in one kidney must therefore hare been entirely due to 
some local cause. At first sight, the cause does not appear 
very evident, nor is it apparently easy to account for the fact 
that although at least fifty of these calculi are not bigger than 
barleycorns, none of them have found their way into the 
meter, and from thence onwards into the bladder. The reason 
of the last fact is, however, apparent when the specimen ia 
carefully examined, and as it will be easier to esplaiu the 
former proposition after we hsTe discussed the latter fact, we 
shall consider the last fi-rst. The largest Etone, which, from 
its position and size, is evidently the one which was first 
deposited, is of a very peculiar conical shape, and the apex 
of the cone projects into the orifice of the ureter, and forms a 
movable plug, which is, in fact, a self-acting valve. No sooner 
does the pelvis of the kidney become filled withlluid, thanite 
distended walls cease to embrace the stone, and consequently 
the fluid Bows past the valve until the pehic walls again 
come into contact with it. The separation of the walls irom 
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the TBlve, altliou^'li being sufficient to allow liquid to pass, 
does not appear ta be sufficient to admit of the escape of eveii 
tie smallest of the atones. Now exactly the Banie thii^ as 
we ha.rc done artificially with water must hare been daily 
done with the urine. 

Gradually as the urine was secreted, it would distend the 
pehis of the kidney and separate its walls from the Talre- 
shaped calculus ; but no sooner would this occur than the 
accumulated urine would make its escape. So that every 
now and again there would be little accumulations of urine, 
and during the period of these Utile accumulation s not only 
would the smaller mlcuU form, but the larger one, the plug, 
would gradually increase in size. In this ease, it is perfectly 
evident from the immense number of the ealmh that the 
predisposition to stone existed ; and from their being all 
limited to one kidney it is just as evident that it was some 
local cause which induced them to select the left instead of 
the right kidney. In, Dr. Roome's case, agaui, it was precisely 
the reverse ; all the calculi were found in the right kidney ; 
not one existed in the \eCt ; which is additional evidence in 
favour of our views. 

Inmy own case, moreover, it is further shown, by the absence 
of all calculi both from the right kidney and froni the bladder, 
that, although the predisposition to atone existed, yet without 
some local cause no atone would have been deposited in the 
urinary passages of the patient— a most suggestive fact, as 
showing the importance of paying attention to the proper 
performance of the renal function. Who can tell what a trifle 
at first induced the deposition of the utic acid nucleus, which 
ultimately became the plug and caused the formation of all 

The foregoing general pruiciples are not alone applicable to 
the pathology of plioaphatic, but to all varieties of renal 
calculi — oxalic, uric, xanthic, etc. 
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As regards the Srsl step in the formation of veaieal CBlouli, 
it may, with equal justice, be said thit whenever the predis- 
position to stone esiBta, it requires but a rerj- trivial cause to 
bring it into operation; for, as with renal calculi, almost 
anything may act the part of e. nucleus round whiuh the stone 
will become deposited. An insignifieatit particle ot mucus, 
a microscopic portion of albumen, or nn epithelial cell, ia all 
that is requisite for the purpose. In the vast majority of 
vesical calculi, indeed, it ia impossible to detect the primary 
point round which the urinary salts became adherent ; but 
every now and then we come upon calculi with well-marked 
nuclei, some of which are not only quite foreign to the urinary 
pasHages, but even foreign to the body itaelf. Thus, far 
example, this large ammoniaco-magnesisn stone (No. 3426 of 
Lislon's collection in the museum of University College), 
which was emtraeted from the bladder of a man aged 60, has 
a piece of beeswax for its centre; while three other small 
calculi (No. 3478), removed from the bladder of a man 
sged 70, have barleycorns as their nuclei. It i a perfectly clear 
these substances were not generated spontaneously in the 
urinary passages, and it is highly ptubahle also that they did 
not find their way there quite accidentally; but with the 
mode of entrance we have at present nothing to ^o; so we 
may turn our attention to this other vesical calculus (No. 3olS 
of the same collection), which was removed from a woman's 
bladder. The nucleus of this stone consists of a piece of bone 
— a fiEtal tibia, in fact — which found its way by ulceration 
into the bladder from the ahdoiiien. the case having been one 
of extra-uterine foitation. Any solid substance, indeed, may 
prove the starting-point of a vesical atone, just as a tbread, 
piece of Btring, or anything elae, may form the nucleas of a 
crystal of sugar -candy. 

Ia connection with the origin of calculi, there ia another 
point particularly deserving of attention — namely, that local 
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caiuea are the matt potent in the pn>dacd<ia of Btone, and 
that evEQ wheie the prediapomtion to it eiista, trithoat xime 

locU came no stone U likElj to form. 

Vesical phosphatic calculi ate &equentlj' induced bf inSim- 
matitin of the bladder. The InflamiDstLon giTea lise to s 
CopioOB secretion of mucui, which, acting aM « fennent, caiuei 
the urea to decompose, while the luine atill aojoiima in the 
bladder. The decompo^itioQ of the urea leada to the crolution 
of ammoniji, which, in ita turn, deposits the earth j phosphates, 
and the gradual formation of a atone is the result. 

Many phoaphatlc calculi have a Uric acid nucleus, while 
some few have oxalate of lime for a centre. The depo<iilion 
of phosphaiea, and consequent increase of the atone in such 
cases, is due to one of the four fuUowing causes :^ 

]st. Although the patient has recovered, either bj time or 
bf treatment, front the uric or oxalic acid diathesia,(a) the 
stone that has already formed still remains in the bladder, and 
immediately, or at some future date, causes such an amount 

which mucus, acting as a ferment, brings about the decompo- 
sition of the urea, and consequent formation of the alkaline 
carbonate of ammonia ; which, in it« turn, induces, as in the 
preceding examples, a dt-positjon of the earthy phosphates 
normally present in the urine. 

In this caae the deposition of the pbosphatic calcnlua is not 
due to a Tice in the general ajstem, but the product of an 
entirely local cause. 

2nd, A patient with a small uric oi oxalic acid stone in the 
bladder, which induces no irritation whatever, is on some 
occasion or other si-i/ed with letention of urine. It may be 
from stricture, enlarged prostate, paralysis of the bladder, ox 

(a) TliD word Uiatlunis |j> li»ri> oini>lujed merely to save a multiplicity 
orwonln, uiitrrimi wiyapuilal nlijulfiouice beiug attached to itsmeuiiiig, 
wbioli L> now |.r»tty woU undontood. 
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any otlier cause liable to induce it. In conBequence of thi* 
retentiDa the uiioe becomes decomposed, and a diTpoaition of 
phofiphatea takes place round tlie nucleus, the presence of 
■which until now was of no importance whatever. Tha 
deposition of phosphates is, however, copious, and the stone 
rapidly increases in size, and becomes of itself a source of 
Here, then, neither the original nucleus nor the 
n of the patient is to blame, but a local cause quite 
independent of cither. 

3rd. A deposition of phosphates ma; take place ronnd a 
nucleus of uric acid, oxalic acid, or anything else, not on 
Moount of its setting up iriitation, nor because of the urinE 
being retained and decomposed, but &om there being an 
1 of phosphates by the kidneys. In 
n language, on account of the patient labouring under 
the phosphatic diathesis. 

Idistly. A phosphatic calculus may form round a uric acid 
or other nucleus without any of the already-mentioned con- 
ditions esiiting, but simply and solely &om there being an 
absence of that normal acidity of the urine whith is essential 
to the retention of the earthy phosphates in solution until its 
emission from the bladder. 

The diagnosis of coses of phosphatic calculi, renal as well 
as vesicle, is not only greatly aided by an esandnation of the 
urine, which may be said to contain, as a general rule, leas 
phosphoric acid than normal ; hut even the diSerential diag- 
nosis of the various causes inducing the calculi is also aided 
by an examination of tliat liquid. 

Ist. In cases arising from na eiccssive ellminatian of phos- 
phates the reaction of the urine is normal, and it has no 
asunoniacat odoui, noi does it deposit an excess of mucus. 

Sodly. In those arising from an abnormal alkalinity of tha 
blood the urine, although alkaline at the moment of ita 
cmisaion, either immediately after meals or during the whole 



day, has no aiumoiuacal odoui-f nof dofs it deposit mucu4 

3rdly. In tkp first and second class of cases the urine is 
■mmoniacal as well as alkaline when passed, and usually 
yielilB a copious deposit of mucus. 

Lastly. The first and second clsus of cases aie zeadily <Iis- 
tinguisHed from each Other by their histories. 

Besides the triple or anunoniaco-magnesian phosphate, 
which is the raost common kind of phosphatie ealculi;s, there 
is also another variety composed solely of the simple phos- 
phate of lime. This is, comparatively speaking, a rare form 
of stone ; and fortunately, its appearance ia so very peculiar 
that it can be readily recognised without an analysis. Its 
external surface is smooth, poliahed, and shining like glass. 
It is exceedingly brittle, and has the peculiar tendency to 
break into 1 1 lite a onion. 

Trea m F m as already said, it ninst hftve 

been s th h ar es and kinds of phosphatie 

calculi h d d p mode of treatment, and that 

the old m al k nds of phosphatie caculi 

alike is di 11 g Th p hology is the guide to the 

In th far as ts If has to be attacked ; in 

the sec as h u. h tcntion is to be removed ; 

in the hu' as h h sues has to be got rid of ; 

while in the fourth the normal acidity of the urine is to be 
restored. One and all of these are more or lees within 
our power. 

First, as regards the class of cases where the deposition of 
phosphates depends upon a, decomposition of the urine taking 
place in the bladder. That we have seen may originate in 
two ways ; and, as we shall again have occasion in another 
lecture to refer to the mode of treating both of the cause* 
above speci&ed, we shall for the present take it for granted 
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QiM the cause has been removed, aiLd that all that has now to 
be done is to get quit of the gravel or atone that has already 
formed in the bladder* 

The commoii way to remove a vesical Btoae is, of course, to 
out or crush it ; but many persons, and eapecially old people, 
in whom the phosphatic calculus is most common, object to 
cither of these operations being performed. What, then, is to 
be done ? Fortunately, in the case of phosphatic calculi, the 
physician has much in his power, for of all calculi tbe phos- 
phatic are tbe most soluble ; and. if only gravel has as yet formed 
the chance of getting it removed by dissolution is very great. 
The simplest mode of treating such cases is to keep the mine 
constantly acid by the administration of the nitro-mxuiatic 
acid three times a day, after fo od, and to irrigate the bladder 
by means of the double irrigating catheter. This is a much 
easier operation than most persons who have not tried it 
imagine. The patient being placed on his back, the double 
catheter is passed into the bladder, the urine allowed to ftow 
out, and then a caoutchouc tube, at least four or five feet long, 
is slid over the end of the catheter, while the free end of the 
tube is dipped into a can containing water acidulated with nitro- 
muriatie acid. The can having been previously placed at a con- 
venient height above the patient — on the top of the bed-post, foe 
example — the caoutchouc tube is to be so arranged that, when 
the patient is ready, the acidulated water will flow in a regular 
stream down thiough the tub e, along tbe catheter, into the 
bladder, and from the bladder back again through tbe other 
division of the catheter, along another caoutchouc tube 
attached to its opening, into a pail placed beneath to receive it. 
If the acidulated water be kept nt a temperature of about 99° F., 
the stream through Che bladder may be kept up for a long 
time without causing the slightest discomfort to the patient 
after the ^st sitting or two. 

When the top pail gets empty it is refilled from tbe other as 



often as is thought nfcCBSary. This tieatmtnt being continued 
for a certain time every day, the giaTel is gradually dissolTed 
■witbont causing the patient any suffering. 

In the third set of caeea etriet attention should be paid to 
the general health, und an effort made to improve it, and 
thereby restrain the elimination of phosphates from the syBtem 
by a judicious selection of tomes. If this is not effectual and 
the daily waste excessive, phosphoric acid is to be adnii- 
nisteied, for the reasons previously given. 

In the fourth ela^s of eafies, where the vice lies in the 
abnormal alkalinity of the blood, tlie sttong mineral acids ought 
to be administered. Vegetable acida, on the other hand, are 
to be avoided, from the fact of their being ttanfiformed into 
carbonic acid in the system, which only tcnda to increase the 
mischief. In general, it is sufficient to give the acid afterfood; 
but in very bad eases it is sometimes ncccseory to administer 
acid tonics also between the meils. In many of these cases 
the patients perspire freely, and tie sweat is excessively acid, 
which in some measure accounts for the diminution of acid in 
the blood. To this class of patients I find much benefit arises 
from the use of nitro-muriatic acid in conjunction mth gentian 
after meals, and a dose of sulphuric acid, to diminish the 
perspiration, between them. The patient's diet muBt also be 
carefully regulated : the animal food increased, the vegetable 
food diminished. The reason of this is plain enough, if what 
was said in the first lecture regarding the influence of diet on 
the reaction of the urine be considered. Herbivorous animals 
have alkaline, carnivorous animals acid urine; so that the more 
the patient resembles the carnivorous animal in hb diet the 
less alkaline his blood, and the more acid his urine will become. 

In trying thus to check the formation of phosphatic gravel or 
Btonc, care ought at the same time to betaken not to run to the 
opposite extreme ; and, by increasing the acidity of the system 
too much, produce a deposition of gravel or Blone of anofier 



kind —uric acid, for example. The safi> guard against falling 
into this error ia f mnd in the condition of the urine. As soon 
aa the normal acidity of the urine becomeB permonentlf re- 
stored, the acid treatment and animal diet ought lo be stopped. 
The following case is an Bdrairable illustration of the benefit 
to be derived both from the means of diagnosis and the line 
of treatment I am now Btriving to inculcate. This specimen 
of urine is from Charles R , a patient at Univeraitj CoUege 
Hospital, now under toy treatment for renal phoephatic cal- 
culus in the left kidney. The history of the case is briefly as 
follows :— Charles B., whose age is iO, came to the Hospital 
on December 1, 1863, complaining of pain in the region of the 
left kldne}', ^hich was increased by pressure applied both 
anteriorly and posteriorly. He said he had snfi'ered from it 
during the last fifteen years. But what troubled him even 
mote than the pain was the constant desire to make water. 
Sometimes he had to make it as often as six or seven times 
within a quarter of an hour. As a, rule, however, he mictu- 
rated only once in every two hours ; but after each micturition 
had to go three or four times before the desire entirely ceased. 
At last only a few drops passes!. This was attended with 
great discomfort. During the Sfteen years he had been ao 
efHicied, he had passed on one or two occasions a chalky- look- 
ing substance i and a year and a-half ago a little blood came 
away with the urioe. As some of these symptoms gave rise 
to the belief that there might be a Tcsical calculus, I sent 
him in to my colleague, Sir Henry Thompson, end had the 
bladder sounded; but no stone could be detected. On 
analysis the urine was fuund to he aik»line, and deficient in 
phoapliatcs ; this fact, in conjunction with the history and 
Bymptoms, led me to the diagnosis of phosphatic renal cal- 
culus, arising from an abnormal slkalinity of the blood. Such 
being the diagnosis, the patient was ordered to lake the 
foUoning mixture three times a day ; — ^ Acidi hydtochlorici 
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dil^ 3u. ; acidi ni'.iici dil., ^t. ; tnfun cliirala^ Jta. M. 
Aliesd;, on Dfcember 1, the pstienl made urine ten 
freqnenily, and BUted that he felt better. The qnanlitj- wu 
1350 c.c. [431 0") 1 'l>e epecific gtaTity 1019 ; the amonntor 
phosphiric Bcid 1-7Z5 gramnie* (73'28 grains). The »aine 
lieatment wa« ordtied lo be continued : and when I saw 
the patient on the l*th (ten divs Uter) he spontaneonslj' 
declared that he had iierei Wt bo well during the lo«', GTieen 
jeara; in fact, he stated thai during that whole time 
biB life had b«en a buiden lo him. The reaction of the 
urine wii noir acid; and, although lis quaniiiy had been 
reduced to 1 168 c.c. (39 ois.) in the twenlT-tom hotuB, the 
phoBphoric acid had increasE^d to &-46 grammes (S4'63 gniiu), 
the inciease heing of course caased bj' iu being no longer 
depofiiied in the urinary gjaleni. Being desirous of eeeiag if 
this improvement was entirely due to the medicine, I proposed 
di*CDntInuing it ; but at the ur^tnt request of the pa'.icnt had 
to content myaelf wilh merely diminishing the dose, as he de- 
clared it was The only remedy that had CTer done him good, 
■nd he feared to fall back in to his fonner miserable state. On 
December 21 he returned, saying he was not quite bo well, and 
requested to be allowed more of the medicine. The urins 
was again analyzed by my class- assiti tan t, Ur. Mason, in order 
to ascertain if the paileut's Btattment was currect, or if he 
only imagined he was worse. The fiilloxing i^ the result of 
the analysis :— Quantity, li*0 c c. (JO ozs.) ; apecific grarily, 
1032. Reaction slightly alkaline. The amount of phtM- 
phorio acid, 4'65 gratnmeH (72-07 grainaj. The urine gate a 
conaiderable deposit ; which, when esauiined microscopically, 
WBH found to contain priamatic crystals of triple phoBphale, 
and a few octohedral crystala of the oxalate of lime. The 
examination of the urine, therefore, quite confirmed the 
patient's statement regarding hia not being so well at on the 
full dise of the remedy. 



LECTURE Till. 



—ITS CLDTICAL 8IG- 
1 TREArMENT— IIULBERRT CilCUXl, 

1 cHEaiSTBY, PHYsioLoar, and fath- 



Tke well-knovrnpoifion, oialicaeid, which so closely rtscmblee 
the sulphate of magnesia in appearance as to be frequently 
mistaken for it, although Due of the most powerful of the 
organic &eids, appears to be an almost constant component of 
the blood. It is, however, rarely present io sufficient quantity 
to give rise to any inconvenience ; and is only csctcted from 
the kidneys in appreciable amount imder certain abnormal 
eonditious ot the system, or after having been taken in medici- 
nal or poisonous doses. Its presence in solution is eaaUj 
lEcognised by the property it has of giving ii-itli any soluble 
lalt of liine a white precipitate possessing well-defined crys- 
talline characters. As usuully met with in the urine, the 
oialic acid is already in combination with lime, and fortunately 
it is so; for the quantity is generally so fimall that, were it not 
for the facility with which the crystals of oialate of lime are 
recognisable with the microscope, its presence, in the majority 
of instances, would escape detection. 

The oxalate cf lime is moat readily detected in the following 
maimer : — Put about six ounces of freshly-passed urine into 
a conical glass ; and, after it has elood for eight or ten hours, 



place a drop of the sediment undei the microecope ; and. as the 
cryBtala are esceedingly minute objects, examine with a high 
power, at least a iiiiarter of an inch. If the urine has deposited 
tome mucus, the mucus ought also to be examined ; for the 
oxalate of limo crystals are often entangled amongst it, and 
are thereby prevented falling to the bottom of the vchscI. The 
Tlrioua forms assumed by the crystals, lu seen under the 
microscope, are tepreHcnted in Figure 14, 

Fig. U. 









Oxalate of lime from human urine. 

They may be divided into four ■well-marked groups — the 
octohedron, the dumb-bell, the irregular disc, and the well- 
defined diamond-shaped crystal. Of all these four fonns, 
however, it is the octohedron alone which is characteristic ol 
the oxalate of lime. Lithates may be found as dumb-bells, 
carbonate of lime as discs, and uric acid as small diamond- 
ehaped crystals, ■whereas the only other urinary ingredient 
which ever crystallises in octohcdrons is the chloride oi 
sodium ; but there is no possibility of error an that score, aa 
it ia BO extremely soluble as never to appear as a spontaneous 
deposit in the renal secretion. Furthermore, it may he re- 
marked that, even in those cases where the oxalate of lime 
assumes the shape of dumh-bells, discs, or diamonds, there 
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uaually happens to be present at lie same time aeretal octo- 
Iiedxons i so that the danger of falling into error regarding the 
nature of the deposit is very slight. 

The only two sediments that I can imagine it possibla the 
oxalate of lime can be confotuided with are those of triple 
phosphates, and uric acid. The prisms of the former may, 
perhaps sometimes to beginners, appear almost octohedral in 
shape ; and the diamonds of the latter look so small as to lead 
to the idea of their being oxalates. But even then a triding 
chemical manipulation will set the point at rest 1 for by the 
addition of acetic acid the phaaphutes will be dissolved, and 
by the addition of caustic potasih the uric acid will disappear, 
while the oxalate of lime crystals, on the other hand, resist 
the action of either of those agents. 

When the presence of oxalic acid in the urine in a free state 
is suspected, to a portion of the liquid is to be added a few 
drops of acetic acid and then a solution of a salt of lime — 
chlonde, for example — ^andthe mixture placed aside for a few 
hours to crystallise The sediment is then to be examined 
miciosi.opically as aboTe described. 

QuantttaUre Analijsn. — To n:iake a quantitative estimation 
of the ovahc acid in human urine is extremely difficult ; and, 
for dmical purposes, one usually contents himself by guessing 
at the amount from the number of oxalate of lime crystals 
present in the Geld of the microscope. But in cases where it 
is deemed advisable to make a closer approximation of the 
Broouiit of oxalic acid daily excreted by the kidneys, the fol- 
lowing method is to be adopted. The urine for the twenty- 
four hours is collected and carefully measured. To a sample 
equal to 200 c.c. is then added some milk of lime, and the 
miiture eyaporated to dryness. The residue, after being 
acidulated with acetic acid, is next extracted with repeated 
portions of alcohol, and the alcoholic solution shaken up with 
about 60 per cent of ether, which throws down the oxalate of 
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lime as an insoluble deposit. Tlits is collectedi washed, dried, 
and weighed, and tlie whole amount passed in. the twenty-four 
houri eBtimated therefrom, in the uaual way, [See the formula 
under the head of urie acid.) 

PuYsioLoraY, 

It is still a debated question whether or not oxalic acid is 
a normal constituent of the human frame. BiJLker says he 
passes 092 gramme (]'43 grains) in his twenty-four hours' 
urine j but, whether this amoiuit is furnished by the disinte- 
gration of the tissues, or is the direct product of the food, it is 
extremely difficult to say. Oxalic acid is wid'^ly distributed 
fliroughout the vegetable kingdom. Many fruits, and the 
majority of vegetables, contain considerable quantities of it ; 
whUst in rhubarb, and sorrel it Exists in great abundance. 
Moreover, many foods which do not naturally contain onalio 
acid are readily transformed into it in the system. Among 
these may be mentioned starch, sugar, vegetable acids, salts of 
the vegetable acids, and carbonated alkalies. It is, therefore, 
almost impossible to prevent its finding access to the body; 
and, consequently, my own impression is that it ought to be 
regarded as one of the normal ingredients. "While making 
this assertion, however. I wish specially to guu.rd against it 
being supposed that I am one of those who look upon the 
presence of osalftte of lime in the urine as a matter of trivial 
importance ; for, on the contrary, as normal urine never eort' 
tains any sediment, the appearance of oxalate of lime or of oaj 
other crystals within twelve, or even twenty-four hours aftei 
the urine has been passed, is a sure indication of the existence 
of an unhealthy condition of the system — temporary it may 
be, but nevertheless abnormal. 

Oxalic acid to be normally eliminated from the body ought, 
like all the other natural ingredients of the frame, to be ex- 
creted in an invisible form. ; and I strongly suspect that it will 
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yet be found that the hcaltiiy human bodj- does in reality 
doily eliminate a Email quantity of oxalic acid in a aoluble 
and consequently invisible form ; for every now and then, on 
evaporating what has appeared to be normal urine to nearly 
dryness, I have met with crystals of the osolale of urea 
(Fig. 15), both the oxalic acid and the urea haiing remained 




invisible untO the liquid waa highly coneentratcd. Oxalic 
acid has in some cases been detected in hirmau blood. Garrod, 
for esample, in flearching for uric acidiii the serum, hasocea- 
Bionally encountered crjatala of the oxalate of lime. 

"When osal:ites are given in laj^e doses medicinally, aa well 
as when a poiionoua quantity is taken, either suiciilully or by 
accident, the blood becomes bo saturated with the aeid that 
leeches fall off and die ere they have been many minutes 
attached to the skin, and befare they have euvked beyond a 
very small quantity of blood. I have myself observed this on 

Oxalic acid appears to be manufactured even In the human 
body [ for, whenever the raetairiorphosis of some of the animal 
products is interrupted, a deposit of oxalates makes its appear- 



It is n w g er dmitted aa a recogniged fact, that 

men is h as p the retrograde ini?tainorphosU of 

tie nitr (j nis d is es and also, that it is in the form of 
urea tha h par of the Qlbuminoid group of foods 

!« esqre d tr m h m. Uric ncid, on the other hand, 

is aupp d b the intermediate products of this 

metamorphosiH. For three reasons : — 

Ist. Because, by the action of permanganate of potash on. 
albuminous substances, uric acid may be artificially obtained; 

2ndly. Because, by the further action of permangEuiate of 
potash, uric acid ia transformed into urea ; and 

Srdly. When uric acid ia taken into the system, it reappears 
in the urine in the form of urea ; whereas, when urea itself is 
taken, it passes through the hody unchanged. 

We may now add that oxalic acid is also one of the inter- 
mediate products ill the retrograde metamorphosis both of the 
tissues, and of the albuminoid group of foods ; for, as is well 
known, although uric acid, when perfectly osidised, is com- 
pletely changed into carbonic acid and urea, when anything 
intervenes to interrupt the oiidation process, the products are 
carbonic acid, urea, and oxalic acid. The same transformation 
also occurs in the body ; for, whenever an excess of uric acid is 
taken internally, or injected nto the blood t pp n tha 

urine partly in the form of urea a d pa y a ac d 

By perfect oxidation, on the o he ha d bo h d u of 

the body, uric acid is comple elj transfo med in uj a and 
carbonic acid. Hence we h venodifficul n mp h ding 
why a deposit of oxalates is so Sequent a n m an of 
diseases of the respiratory organs. 

There are acveral other animal substancea besides uric acid 
that are converlible into oxalic acid. Thus, creatin, when 
acted on by the permanganate of potash in alkaline solutions, 
yields oxalic acid. Leucin, tyroain, aiid guanin also yield 
oialic acid, and so does lactic acid. The neutral fats, too, by 
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lengthened heatins mth nitric Bcid, ate, among otJiec things, 
tronsfoimfd into oxalic acid. 

It would therefore seem that, wUle the amount of oxalic 
acid present in the healthy animal Iwdy may be said to be 
derived directly from many vegetables and fruits, and indi- 
rectly from the whole three groups of toad — albuminoid, fatty, 
and saccharine, — that met with in disease is not only the 
combined derivatives of aE the different kinds of food, but 
also the dirctt product of the interrupted retrograde meta- 
morphoaia of the various animal substances above alluded to. 

The term oxalic acid diathesis, or, aa it is now usually called, 
oxaluria, is given to a class of cases in ivhich the urine during 
days, weeks, or even montha contains a deposit of oxalate of 
lime. This deposit is usually accompanied by a peculiar but 
well-marked train of symptoms, which have recently received 
special attention from Begbie, Beneke, Frick, and others. 
The 6)-mplotnB are mostly of a ncrvoua and dyspeptic cha- 
racter, and although not dangerous in themselves, are never- 
theless deserving of the closest attention of the physician ; for 
when left onatlended to they oflentimes drift into those of 
confirmed hjpochrondriasis, and end by rendering the unfortu- 
nate patient little else than a nmsauee, both to himself and his 
friends. Supposing even that this form of the affection is 
escaped from, another still more dangerous, though less dis- 
tressing, is Hooner or later sure to arrive — ^namely, the forma- 
tion of gravel or stone. 

Oxaluria la more frequently met with in men than in women, 
but the latter are not entirely exempt from it. Moreover, it ii 
most common among persons in the prime of life, and in the 
better tlassea of society. Ita most prominent symptoms an 
disordered digestion, irregular and capricious appetite, flatu- 
Unce, and a feeling of oppression in the cheat after eating ; 
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iiritability of the heart, milucin^ palpitation on the slightest 
esertion or oxtitemOQt. After a time the disposition becomeB 
morose ; and the merest triilca are sufficient to diseoncect the 
patient. Both resolution and attirity are wanting ; and the 
daily routine of ordinary business becomes irksome in conse- 
quence of every trifling mishap being magnitied into a, serioua 

At this stage the disease is still amenable to treatment ; and 
by proper attention to diet, firesh air, exercise, and a regular 
course of acid tonics, the oxaluria may be completely removed 
in a comparatively short space of time. If, however, this 
stage of the affection is aUowed to pass unheeded, the patient 
soon begins to snifer from heat or pain in the kidneys, 
shooting or extending deep down m the loins and untability 
of the bladder, inducing Irciiuent micturition At the same 
time, the urine haa a tendency to throw doivn a somewhat 
copious deposit of white mutus, entangled among which 
may he found numerou), cristalBof tlie oxalate of lime. In 
the most ini eterate cases the patients complain of being impo- 
tent, and suffer from the usual train of symptoms associated 
with btone in tlie kidney or bladder. 

The presence of oxalates in the urine denotes, of course, the 
pte-exiatence of oxalic acid in the blood ; and it is now gene- 
rally conceded that the dyspeptic, as ivell as the nervous 
symptoms just alluded to, are the direct result of the chronic 
poisoning Of the brain and spinal cord by the minute quanti- 
ties of oxalic acid in the circulation. The renal and vesical 
symptome, on the other hand, are no doubt due to the local 
mechanical effects of the oxalic deposit in the kidneys and 
urinary passages. 

Beneke thinks that there is still another class of evils due to 
Dsalic acid blood-poisoning. lie believes that the oxalic acid 
circulating in the blood dissolves out from the tissues, and 
remuves from the system the phosphate of lime, thereby 



diminishiag the activity of the various organic processes of 
which life is the manifestation. Whether or not this be in 
reality the case, I am not prepared to say ; all I know ia, that 
an abnoimal deposition of phosphates in. the urine is not an 
unfrequent actompaniment of oxalnria. In these eases the 
urine is either alkaline, neutial, or, at the very most, feebly 
acid at the moment of being passed. On boiling, it deposits a 
quantity of ainorphoua phosphatee, which are again re- dissolved 
on the addition of acetic acid. In such cases of mixed phoa- 
phatic and osalie deposit, a ready way of ascertaining how 
much is due to the presence of phosphates, and how much 
consists of oxalates, ia to add acetic acid to the sediment. The 
acetic acid, by dissolving away all the phosphates, allows the 
amount of the insoluble oxitlatcs to be estimated. 

Again, in another class of cases which ia much more common, 
the deposition of phosphates apparently succeeds the osaluria, 
for one constantly encoimtcra mulberry (oxalic acid) calculi 
with an external coating of phosphates upon them. As this, 
however, may, in many instances, be due (as was pointed out 
in the lecture on phosphates) to a mere local cause, I beg to 
direct your attention to this phosphatic atone (No. 3462 of 
Liston'a Collection in University College Museum), which 
beautifully illustrates the fsct that it is not always so, and that 
a phosphatic may both precede as well as succeed an oxalic 
acid diathesis. The surface of the section is perfectly snow- 
white, except at a point nearly equidistant from the centre 
and the circumference, where a dark circle, oue-twelfth of an 
inch in thickness, runs through the stone. This line of inky 
blackness, farming such a striking contrast to the snow-white 
phosphates, is entirely composed of oxalate of lime. Thus it 
is seen that, even in a. urinary concretion, the clinical history 
of a patient may be read as truthfully as the geologist can 
trace the early history of the earth in the different strata 
ibnoing its crust. 
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This patient's general conatitutioo of body waa phnaphotic ; 
mid for months— aye, probably CTpn for years — lie fiuffeced 
from Bt deposition of phosphates in the bladder. Uut suddenly, 
nod for a time, either through treatment or othemise, a change 
took place in hie Eyetem, and the phasphatic deposition was 
arreatcd. During this period, however, the patient laboured 
under another eiil. His blood was loaded with oxalic atid, 
which his kidneys diiily and hourly eliminated in the form of 
oxalate of lime, which gradually deposited itself round the 
phosphatic 6tone. By-and-by, towevec, he got rid of hia 
oialuria, but unfortunately only to return to his old habit of 
body ; for here we see the phosphates were again deposited, 
and continued to be so until the atone nearly rcanhed three 
inches in diameter. 

The occurrence of such a state of things at the present 
day, when the enlightened teacliinga of physiologicai che- 
mistry have placed in our hands the means of arresting both 
the phosphatic and osalic diathesis, would be a discredit to 
Medicine. Fortunately, however, the schoolmaster is abroad 
in ours as well as in other professions ; and we are not likely 
to meet with such a case. 

In the above esa.mple the osalic was temporarily engrafted, 
as it were, upon the phosphatic habit of body ; but this state 
of matters may be exactly reversed, and a person with an oxalic 
acid constitution may for a time suffer from the phosphatic 
diathesis. The truth of this statement is well illustrated by a 
calculus in the museum of the Royal College of Surgeons 
(H. b. i., described at p. 131, and Sgured in plate is.., of the 
Catalogue). The centre of the stone is composed of the oxalate 
of lime ; surrounding this is a broad layer of white phosphates ; 
and outside of that again is a well-marked corering of dark, 
oxalates ; thereby shoning that the phospliatic only temporarily 
replaced the original oxalic constitution of body. 

Now, just as oxaluiia may be engrafted upon a pbosphatii 
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a, and rice rersa, so mayoxaluria be engrafted upon 
the uric acid habit of bodj-, and ries nersa. 

In 1861 a fish-dealer, aged 24, labouring under stone, applied 
to me for relief, and on esajnining tlie sedinient in his utine 
with the mictostope, I found that it consisted of mucus, and 
bladder epithelium, together with crystala of psHlate of lime, and 
iirio acid. The coexistence of these crystals did not in the least 
surprise me, for I had alreadv profited by the clinical teach- 
ings of this other calculus (No. 3662, Liston's collection, fniv. 
Coll. Museum), in which it is clearly shown that osaluiia may 
for a time be engrafted, as jus t said, upon the uric acid diathesis. 
The cential part of this stone is pure, or nearly pure, uric 
acid : then comes a broad layer of oxalate of lime, and lastly 
another layer of uric aeid ; thus showing, as in the other case 
preriously alluded to, that when the patient recovered from 
hia attack of osaluria it was not to get well, but only again 
to fall back to his old habit of body — in tliis ijistance most 
probably a gouty one. 

As foiraerly said, crj-stals of uric acid and of oxalate of lime 
occasionally coexist in the same urine. The Cause of this 
some might consider accounted for bv Dr. Owen ltecs*a 
theory, which is, that not only does the uric acid diathesis 
frequently give rise to a depo-sition of oxalate of lime, hut 
that all the oxalate of lime met with in human urine is thu 
direct product of the decomposition of the nric acid during 
its sojourn in the urinary passages. He bases this assertion 
on the circumstance of urates heing directly convertible into 
oxalates by boiling. 

In 1859 I carefully repeated Dr. liees's experiments on this 
point, but invariably with a negative result, and since then I 
notice that other obseners, among whom, may be mentioned 
Racle and Parkes, have equally failed in confirming the asser- 
tion. All. however, agree with that gentleman in saying that 
the uric acid is frequently closely associated with the oxalic 



acid diathesis. Indeed, oxalate of liuie is frequently met with 
Bs B spontaneoua deposit in tbe urine of gouty patients, either 
alone or assoeiated with uric acid, and this is not to be won- 
dered at, seeing tliat many of those things which favour the 
appearance of oxalate of lime in the nrine are precisely those 
which tend to create an excesa uf uric acid in the blood, and 
thereby bring on an attack of gout, — high living, eicessire 
use of stimulants (either vinous or spirituous], sedenteiy habits, 
and such like. 

The last calculus examined shawed that the uric acid might 
both succeed and precede the oxalic acid diathesis. Here is 
another stone, also from Listen's collection (Xo. 3S61 a), 
which shows equally clearly how the ims acid deposit raay 
be succeeded by the deposition of oxalate of lime, and that 
again in ita turn be followed by a deposition of phosphates. 
In this case, however, the deposit of phosphates may not have 
arisen from the patient's labouring under the phospbatio 
diathesis, and consequently excreting an excess of phosphates 
from his system, but be simply due to a local cause esciting 
local changes, the climax of which being the deposition of 
the phosphates normally existing in the urine. 

These changes may be classified, in three groups ; — let. The 
irritatiori caused by the presentee of a stone in the bladder 

turn brings about the decomposition of the urea, the ammonia 
of which, by rendering the urine alkaline, (3rd) causes the 
precipitation of the phosphates. 

This stone teaches us, therefore, another important clinical 
fact— namely, never to allow a calculus to remain in the bladder 
of a patient lonj,er than n e can help ; and if its removal is 
beyond our power — whith ib selilom the case — to prevent at 
least its enlargement bv iny euhaequent depositions. The 
time ia now arnicd, ni latt, when calculi ought to become 
exceedingly rare, ior if the patient applies for advice suiH- 
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ciontly early tlie acicntiflcally educated physician has it in 
his power entirply to prevent the farraation of certain kinds 
of stone ; and it is probable that the day in not far distant 
when a patient with a stone of any size in his bladder will be 
looked upon in Che light of a clinical curiosity. As I said 
□nee before, the weak point in Medicine does not consist in a 
lack of remedies, but in a deficiency of knowledge or discri- 
mination in the selection of them. 

Even in the treatment of a case of simple oxaluria skill 
and judgment are required. A. remedy that is suitable for one 
patient may he quite inappropriate for another ; and oven in 
the same patient, life being an ever fluctuating quantity, the 
remedy which was beneficial at one time may prove prejudi- 
cial at another. For example, I have seen cases of osaluria 
whith had resisted all the usual routine of mineral acid 
tonics, at once entirely disappear when the patient was put 
the acid phosphate of soda, and vice (lerja. 

In the treatment of oxaluiia, as in that of every other 
disease, the period of life, the state of the general health, the 
condition of the various vital organs, the circumstantea of 
the patient, etc., must all be taken into account if we desire 
to prescribe otherwise than empirically. This observation 
will be still better appreciated after I have called attention to 
the importance of the proper performance of the respiratory 
functions in these cases. "Wliatever impedes pulmonary 
arterialisation increases the amount of oxalic acid in the 
hlood, and, as is knon'n, an eseess cannot long exist in the 
circulation without making its, appearance in the urine in the 
form of oxalate of lime. 

There can benodiihculty fck in understanding how impeded 
respiration gives birth to oxaluria when what was said regard- 
ing ita physiology is remembered. It was then pointed out 
that many of the animal products, which by perfect oxiilation 
are converted into urea aad carbonic acid — among these we 



numbered uric acid, lactic acid, su gar, fat, creatin, leucin, tyro- 
sin, and guanin— by imperfect oxidation ate changed into other 
substances, among the chief of which ia oxalic acid. The 
lungs and kidneja ate here again seen to perform a vicatioua 
part, for when osidation is eompletfl the lungs exliale the 
carbonic acid, and when incomplete the kidneys eliminate the 
oxalate of lime. This, indeed, isi the explanation of the so- 
commonly-observed fact that in the urine of patients labouring 
under bronchitis, phthisis, pneumonia, and emphysema, there 
is a temporary deposit of oxalate of lime- 
Even in those diseases where tie pulmonary arterialisatioii 
is only indirectly interfered with—as, for example, in heart 
and liver affections impeding the pulmonary circulation— 
oxalates likewise make their appearance in the urine. 

Perhaps for an analogous reason crystals of oxalate of lime 
are of common occurrence in the first urine passed in cholera. 
Then, again, we must never lose sight of the neceaaity of 
paying special attention to the ingesta in cases of oxalutia. 
Diet here has an important influence, for there can be no doubt 
tliat a large amount of oxalic aoid finds its way into the aystem 
along with, the food and drink. All vegetables and fruits rich 
in oxalic, citric, malic, and tartaric acids are to be scrupulously 
avoided. A little indulgence in a rhubarb tart will often cause 
a temporary deposition of the osalate of lime in the urine of 
the most healthy, and an apple pudding greatly augment it in 
those predisposed to such deposits. 

Champagne, Moselle, and other spatkling wines ought for a 
similar reason to be avoided. Even the common fermented 
liquors had better he left off, and if stimulants are required, 
the spirituous form, brandy, whisky, or gin, is to be preferred. 
Carbonated alkalies are also to be refrained irom, as they are 
transformed into oxalates in the body. The quality of the 
drinking water must also be inquired into, for should it by any 
chance contain an excess of lime, its habitual employment will 



completely fmatrate our beet efforts at treatment. If oxalic 
atid is to be eliminated at all from the body, it must be elimi- 
nated in a soluble form, and our remediea n-ill utterly fail to 
do so if an excess of lime is at the same time present in the 
urine. The oxalic acid will of course combine with, the lirae 
in preference to anything else, and thereby form one of its 
most insoluble of salts. Lime is, in fact, the agent we employ 
to detect small quantities of oxalic aeid in solution ; so th^it at 
all haaards the lime must be got rid of from the drinking 
water. The simple process of boiling Tiill separate a large 
quantity of it, but if that is not sufHeient distilled water must 
be employed. This may be obtained from any neighbouring 
steam-engine, if nothing else is at hand ; and to mate perfcctlj- 
sure that it is clean it may be passed through a charcoal hiter 
before beiag brought to the table. As distilled water is a 
very unpalatable drink, a little toast may be soaked in it ; or, 
what most patients prefer, a small quantity of brandy added. 

Oxalate of lime and phosphatic calculi are the two most 
common forms of stone met with in districts where the water 
is impregnated with large quantities of hme ; and it is astonish- 
ing how long it sometimes takes to arrest these deposits in 
persons habitually aecustomeil to the use of such waters. It 
seems as if the S3'stem in some cases required a long time to 
&ee itself of the lime with which it had become impregnated, 
and this is the more unfortunate as many of these are examples 
of renal calculi, which there is no possibility of getting at 
escept by means of solvents. 

In an early pait of this lecture it was mentioned that 
oxaluria is most common in the prime of life ; but as there 
are exceptions to every rule, this one is also occasionally 
departed from, and wc meet nith the oxalic acid diathesis in 
childhood as well as in old age. A similar remark is equally 
applicable to oxalate of lime calculi, which, although rarely, 
are still to bo met with both in early and advanced life. Quite 



retentl)- 1 saw in consultati Ow CIgviv 

land-square, a. gentleman th g ge, had 

just passed by the urethra n a al le m dlculus, 
which, judging from its si and p mua ye been 

of very recent formation. Th lus ry m his a, ided to 
the belief that the atone had been formed m the left kidney. 

As regards the special pathologj'of this kind of renal calcolus, 
one word is here necessary. For, according to Haesall, Beale, 
and some others, the dumb -bell -shaped crystals of oxalate of 
lime are more frequently the originators of mulberry renal 
calculi than the octahedral form. Thia idea, I believe, 
originally sprang from the fact that dumb -bell -shaped crystals 
are occasionally found imbedded in the fibrinous casts so 
commonly met with in the urine of cholera ; and as the 
fibrinous casts are formed in the renal tubes, the oxalate of 
lime crystals, it is supposed, have also formed in the same 
situations. Beale has ei'en founii dnmb-bell crystals in the 
renal tubes ; but, from my own observations, I may add that 
not alone are dumb-bell, but also octahedral, crj'stals occa- 
sionally to be found in the tubes of the kidney ; and therefore 
it is highly probable that occasionally the one and occasionally 
the other forms the nucleus of lenal mulberry gravel, and 
stone. It matters, however, little which it ia, as 
of both is identical. 

1 cannot leave this subject without briefly calling a1 
to a remarkable case in which an exudation of crystals of 
oxalate of lime occurred on the cutaneous surface of a roan 
labouring under rtttntion of the urine, as it is a good illustra- 
tion of the vicarious action of the skin and kidneys, and 
forcibly points to the importance of paying attention to the 
one while the performance of the functions of the other are in 

The case occurred in the practice of Dr. Hingston, of 
Montreal. The patieut, after siafferiug toi two days firom 
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n of urine depending upon stricture of tfie urethra, 
■was attacted with phlegmaaia of the left leg. The limb pitied 
on pressuri?, and patches of a hright red colour, painful to 
the touch, appeared about the knee. On the following day 
these subsided, itnd the patient became bathed in perapirauoa, 
with a strongly urinous odour. The face had a deep yellow 
cadaverous appearauEe, and the rcspiiation was laboured. On 
the foEowing morning— that is to say, the fourth of the reten- 
tion — the face and uncovered portions of the neck and hands 
felt to the touch as rough as sand paper. On examination the 
roughness was found to be due to the presence of cuboid 
crystals of the oxalate of lime. The patient died a day or two 
afterffflrda in a convulsion from ura^mic poisoning, (a) 



Sulphuric acid is one of the normal constiluenis of human 
urine. It is combined with potash in the form of a soluble 
sulphate- 

C/ccmislT!/. 

Sulphuric acid needs no description. Ita presence is easily 
detected by adding a few drops of hydrochloric acid to a 
drachm of urine in a test-tube, and then a drop or two of a 
solution of chloride of barium, when an immediate white pre- 
cipitate indicates the esisleace of sulphuric acid (sulphatea). 
The precipitate is quite insoluble in either hydrochloric or 

QuantUatice j1 no/y J I'j,— Prepare a standard solution by dia- 
eolving 30'5 grammes (473-76 grains) of dry crystalline chlo- 
ride of barium in 1000 cubic centimetres (32'26 oi.) of die- 



tilled -wnter. One cutiLc cent, of thia Eolution represents the 
equivalent of O'Ol graiame of sulphuric acid. 

Having prepared or procurtHl xKe above solution, proceed as 
follows ; — Add to 50 c. c. of urine (ire drops of Kydrocidoric 
acid, and after stirring the mixture well, drop in the standard 
solution from (he apparatus described under the head of urea 
until a precipitate ceases to form, or, still better, until a few 
drops of a solution of sulphate of magnesia, when added to a 
portion of the urine plus the elandard solution, give rise to a 
haziness. The haziness of course indicates that all the 
sulphuric acid which was originally in the urine has been 
removed, and that there is present in the mixture an excess 
of the standard solution, which combines with the sulphate 
of magnesia. The amount in the twentv-four hours' mine 
is then ascertained by the ordinary method of calculation, 
described under the head of Urea Analysis. 

Phi/siolnjy. 
The amount of sulphuric acid in healthy human urinB 
depends on two things — 1st. the metamorphosis of the tissues 
containing sulphur and sulphates ; and 2nd, on the food. The 
quantity daily excreted in normal urine varies from l'I23 
(Becquerel and Rodier) to 2-094 grarames (Gruner, weight 
120 lbs,). The minimum amount is passed during fasting; 
the maximum, after a full meal. Animal diet increases the 
amount; vegetable food diminishes it. Exercise, bothmental 
and physical, increases it. As only a small portion of sul- 
phates is foimd in healthy blood, their use in the animal 
body is thought by some not to be indispensable ; thus differ- 
ing very materially from the chlorides. It is generally stated, 
too, that there are no sulphates in the bile, gastric juice, and 
milk ; hut this is an error, as I have detected them in all of 
these secretions. In the bOe there is a targe quantity of sul- 
phur in the fine white crystalline product taurin. The chief 
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part of the sulphuric atid found in the urine, toivever, comes 
from the food. Some foods ore exceedingly rich in sulphur 
(peas, for example), and give rise to great disengagements of 
inteatinal flatus loaded with sulphuretted h)-drogeTi gas. 
Lettuce and cabbage have, in some persons, a similar effect. 
"When alkaline sulphates are taken as medicine (sulphate of 
magnesia) the u 



Bencc Jones found t!ie excretion of sulphuric acid increased 
in delirium tremens ; and Parkea relates the case of a boy, 
aged 14, ■who, while lahouring under an attack of febricula, 
passed the large amount of 29 j grains daily ; the aveiags 
amount passed by a healthy male adult on full diet being only 
2 grammes, or 31 grains. 

It must be admitted that there is still very little known 
regarding the absolute quantity of sulphuric acid eliminated 
in disease. All the urinary- sulphates being soluble, no spon- 
taneous precipitate of them ever takes place ; and consequently 
hut little attention la in general paid to the subject. Heller, 
however, seys there is a great increase in the mine in inflam- 
matory affections, even in spite of the low diet, and that, on 
the other hand, there is a diminution in cases gf chlorosis and 
affections of the epiual cord, as well as in disease of the 
kidney. But as Lehmann has doubted the correctness of 
these views, the whole subject req^uires complete revision. 



H THE CLINLCAL aiONlHCAKCE AND PATHOLOGICiL IM- 
PORTANCE OF THE PRE9ES0E IS THE URINE OF I.NOSITB— 
CREATIS AND CREATININ— CHOLEaTERlS-CYSTIN, {CAt, 
CnLl>-2AN"TaiN, (CALCULI)— LEDCIS— AND TriiOSlN. 



aro characterised by the preaeiice of inoslte in the urine. 
dicmistry. 
Inosite was first discovered by Sehetcr in. 1360 in the mus- 
cular substance of the heart, in wMch it exists in considerable 
quantity. It is a beautiful white crystalline body, and by its 
discoverer was thought to be a kind of sugar, in consequence 
of its composition iieing represented by C,jH,jOii, which is 
precisely the same as that of sugar of milk. When anslyaed 
without prerious desiccation, it contains four equivalents of 
oxygen and hydrogen more than represented above ; hence, two 
equivalents of water more than cane sugar and four more than, 
milk sugar. Further observation has, however, shown that, 
although inosite is isomeric with sugar, its reactions are too 
different to allow of its being placed in the saccharine group. 
For example, it neither browns with potash nor reduces the 
oxide of copper, which are, aa is well known, two of the most 
characteristic properties of grape sugar. On the other hand, it 
resembles sugar in. being very soluble in water and only 
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sparingly soluble in akoliol ; also in teing by fenncjilatitin 
changed, among other things, into lactic acid. It is, liowever, 
incapable of alcoholic fermentBtioD. 

The presence of inosite in. water is rcadOy ascertained by 
adding a drop or two of nitric acid and evaporating the mi.'iture 
in a capsule. After cooling, the dry residue is moistened with 
a drop of the chloride of lime and ammonia, and then gently 
warmed, when a fine rose colour indicates the presence of 
inosite. After a short time tbe colour fades away in conse- 
quence of the compound having absorbed water irom the 
atmosphere, hut on being again dried the red tint reappears. 

As the presence of uric acid interferes with this test, Gallois 
proposes the following method for the detection of inosite in 

To an ounce or two of urine a saturated solution of the 
neutral acetate of lead is added until a precipitate ceaaea to 
form. The mixture is then filtered, and to the clear liquid 
which contains the inosite basic acetate of lead solution is 
added, which precipitates the inosite in the form of an insoluble 
lead compound. After standing twenty-four hours the super- 
natant liquid is thrown awaj', and the precipitate washed 
with distilled water as long aa any soluble matter is exliacted. 
Ailer this the compound ia mixed with an ounce or two of 
distilled water and a current of sulphuretted hydrogen gas 
passed through it, until the lead ia all separated in the form 
of insoluble sulphuret, which is collected on a filter, while 
the cleat filtrate containing the inosite ia evaporated to 
nearly dryness. When nearly dry, a drop of the nitric oxide 
of mercury is added, heat ia again applied, and aa the liquid 
becomes dry a fine rose colour is produced if inosite be preaent. 

When albuminous urine ia being tested, the albumen muat 
he first separated nlth acetic aeid and heat. In tlie case of 
diabetic urine, on the other hand, tribasic instead of the 
ordinary basic acetate of lead solution ia employed, and the 



ea awaj, which is easily 
In other rospecta the 



precipitate washed bo long as 
ascertained by the ordinary 
inetliod of analTsig ia the same. 

Physiolopj. 

As already said, Scherer found inosite in the tissue of the 
heart ; but this is not the only organ of the body in which it 
ia met with. In 1862, while working with Hobin and Verdeil, 
I discovered inosite in the voluntary muscular Sbre of the ox, 
and succeeded iu preparing some very fine crystals of its com- 
pound with baryta &om a few pounds of beef-steak. 

An admirable drawing, as well as a. full description of these 
crystals.was subsequently given by Robin and Verdeil in their 
" Chimie Auatomigue." (a) The subjoined figure (16) is a 




Crystals of tho luosiW of biu-yti fruai Toluntary muBola. 
copy of a few of the most characteristic forms there represented. 
The crystals are colourless and transparent. Some appear as 
groups of fine needles (d), others as stars (c), and a few of the 
larger bundles are fan-shaped (c). Occasionally also oblong 
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plates, singly or in groups (a, 5), are found mixed up with a 
few &ee needles. 

Inosite is uot alone to he met with iu the muscular tissuea 
of the organism, but also in the brEiin (Miiller), lungs (Cloetta), 
spleen, and pancreas. It must, therefore, be regaidedas one 
of the nocmal constituents of the body. The part it plays 
there is, however, still unknown, altliough, in consequence of 
its crj-atalline nature, it is highly probable that it is — like urea 
and uric acid — one of the effete products of healthy action. 

According to the recent researches of Dr. N. Gallois, (a) 
healthy human urine is devoid of inosite, whereas, as Cloetta 
first pointed out, both in the urine of albuminuria and diabetes, 
it exists in appreciable quantit y. 

Although it would thus appear that both sugar and inosite 
may present themselves iu the urine at the same time, they 
are, neverthelesa, more generally observed separately than 
combined. 

The presence of inosite in the urine per se— that is, without 
being associated with any other urinary affection — such, for 
example, as albuminuiia or diabetes, can scarcely be said to 
constitute a known disease ; for inosuria, aa it has been called, 
has not as yet been found to possess any characteristic 
symptoms, all that is kno«Tion the subject being that perfectly 
normal urine contains none. 

As it is not at all ujilikely that at no very distant date this 
substance may assume a clinical importance, it may be useful 
brielly to mention a few of the pathologital conditions in 
which it has already been met with. The following are 
extracted from J. Neukomm'a Thesis (Zurich, ISoB). The 
rpsearchea wcro made in Staedelcr's laboratory, and con- 
sequently under hia supervision. 

(a) Munognipli "Do L'lnuauria." Pn™. ise4. 
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Blight's Diseaae.— Male, aged 34 ; six months il! ; albu- 
minuria, (edema, eonvuUiona, and coma. The urine during 
life contained a Braall quantity of inoaite, and after deatt the 
brain waa found to contain abundance of that substance. 

Diabetes. — Han, aged 29 ; the progress of the diseaae during 
the latter period was very rapid. After death the kidneys 
were found to contain only a small quantity of inoaite, while 
the brain contained it in abundanee. 

Syphilitic eachenia. — In wMth there was ascites and a;dema 
of the legs irith a rapid diminution of strength, the patient 
dying on the sixth day. The kidneys contained a large quan- 
tity of inosite, whereas the brain gave evidence of none, exactly 
the reverse of what was found in the preceding two cases. 

Typhus. — In a young man, who died in the third week ; no 
inosite could be found either in the heart or kidneys. 

Lastly, in a case of Phthisis in a girl, aged 17, a remarkable 
quantity of inosite was found in the brain, and scarcely any 
in the heart. 

These cases are far too few to admit of our drawing any 
conclusions from them, except it may, perhaps, be that the 
proportion of inosite present in. the organs during health and 
diseaae is occasionally reversed. Gallois, who has paid con- 
siderable attention to the subject, thinks it probable that sn 
eseeas of inoaite in the urine arises from the imperfect per- 
formance of the glucogenic function of the liver, for even in. 
cases of artificial diabetes in animals (produced by puncturing 
the fourth ventricle of the brain) he occasionally foun d inosuria 
accidentally produced. 



In the animal body we meet with two substances, which 
are bo closely allied to each other that they have received the 
respective names of creatin. and creatinin ; and although it is 
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only the latter tliat is excreted from tlie body along with tlie 
urine, the former, in consequence of the ready conTEtlibility 
of one "ubitance intu the other, laiMth almost equal ftequenoy 
encountered in the renal secretion In order, therefore, clearly 
to eiplam. this subject it will be necessary for me faneflv to 
mention the chemical characters and physiological history of 

Chemubv 

Creatin is a white crystalline organic substance with a 
neutral reaction It is soluble m water, ahKhtly soluble in 
alcohol, and insoluble in ether "When boiled with strong 
alkalies it is decomposed, and converted into urea, aarcoame, 
and, if the boiling be continued sufficiently long, into carbonate 
of ammonia. 

"When heated with strong acids it is transformed into 
creaiinin, a substance closely allied to it, the only difference 
in their composition being that it contains two equivalents 
less of \s"ater than creatin. In properties, on the other hand, 
the substances are very dissimilar, creatinin being alkaline, and 
not only soluble in water, but in. alcohol also, and even s!ii;htly 
soluble in ether. 

Both creatin and creatinin may be separated from the urine 
by adding to it milk of lime and chloride of cal::ium, filtering 
the liquid from the precipitate, tlien concentrating it to a 
syrup and adding a little chloride of line, which combines 
with the creatin and creatinin to form a crystalline compound 
easily separable by further filtration. This crystalline com- 
pound has nest to be decomposed by dissolving it in warm 
water, and adding a small quantity of hydrated oxide of lead. 
The liquid has again to be filtered from the precipitate of 
oxide of zinc and lead, and then boiled with charcoal to remove 
the colouring matter, again filtered, and again concentrated 
and allowed to stand until the creatin and creatinin crys- 
tallize. The aqueous solution of creatinin gives a flocculent 



white precipitate with the bichloride of mercury, and reddish 
crystals with the bichloride of plitinvun. 

Physiology. 
Creatin was first discovered in tho juire of flesh by Liebig, 
in the blood by Verdeil and Marcet, and in the minp byHeintz ; 
and although creatinin baa also been detected in all of these 
situations (Liebig) , there is this remarkable diiFerenee between 
the two substances, that while creatin is moat abundant in the 
tissues, creatinin occurs in the largest quantity in the urine. 
This faut has formed the foundation of the theory that eieatin 
is the direct product of muscular action, and creatinin the 
result of the still further retrograde metamorphosis of the 
creatin. This view is supposed to gain additional support &om 
the i:ircumstance that by the simple act of decomposition all 
the creatin present in urine is speccHly converted into creatinin. 
Some Bay that creatin is normally excreted by the kidneys as 
well aa creatinin, but this ia a point upon which further 
eridence is required. Meanwhile, it may be mentioned that 
the respective amounts of these substances said to be excreted 
during the twenty-four hours by healthy adults is O'SOS 
gramme [4'7 grains) of creatin (Thudichum), and 1 gramme 
(15^ grains) of creatinin (Neubauer). One curious fact con- 
nected with these substances is that, under certain conditions, 
the creatinin is reconvettible into creatin. Thus, on one occa- 
sion Liebig found in the urine of a dog, which had been fed 
solely on flesh, a great quantity of creatinin, and no creatin 
whatever ; whereas after this luine had been treated with milk 
of lime, and allowed to stand for ai.i w-eeka, abundance of 
creatin was detectable. It is presumed, therefore, that the 
lime had in this case reconverted t"he creatinin into creatin. 

Pntfiolo^y. 

These substances so very rarely occur as spontaneous 

deposits that little is at present known regarding their patho- 
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logical importance. In March, 1861, I injected into the 
portal vein of a small dog tliiee drops of alcohol in two 
drachms of water. Two daya afterwarda the urine contained 
a small quantity of sugar, and in two days more the dog n 
aacriftced, and his urine reraoTed &om the bladder. It w 
then clear and tolerably high, coloured, hut was no loiif 
saccharine. It waa put aside, and in ten days the surface of 
the liquid, which was still yerj acid, was covered with large 
crjatals, which were at first thought to be phosphates, 
Fio, 17. 




Fto. it.— CifBtslsof ocaliii, altsrBoUtiaiiilTerdeil. 
Two circumstances, iowever, raised a doubt in my mind as 
to their nature — first, the fact of the urine having an acid reac- 
tion ; and second, the enormous size of the crj-stals. The 
bottom of the vessel also contained a large quantity, so there 
was no difficulty found in furclier investigating them. They 
were ascertained to be beautiful polariscopic objects of an 
organic nature, and of the forms represented in the above 
figure (17). 
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On adding nitric aciil to some of the urine just as it etood, it 
yraa so losded with, urea that the whole became one masa of 
crystals. Since maJdug the above observation, I have fre- 
quently set aside urinea with the view o£ again obtaining a 
similBT spontaneous deposit, and I have seen it once in b 
ease of diabetes in a young clergyman, twice again in dogs 
fed on flesh diet, and rendered ortiliciatly diabetic, and once 
in the urine of a stnll-fed London cow. The cow's urine 
is normally alkaline ; but in this case it was acid even after 
it had Htood four days {November 4, 18S2). When paaaed it 
was very watery ; and all that was done, was merely to 
evaporate it to one-half over tlie water bath. Tho crystals 
were very large, beuig not only visible to the naked eye, but 
some of lliem quite big enough to be picked up with the 
fingers. 



Cholesterin is a beautiful white ervstallme oubstance m 
many respects resembling a fat — indeed, for se* eral years it 
went under the name of " biliary fat It is quite msoluble 
in water, alkalies, and acids ; very Bolnblemilcohol and ether 
highly inflammable, and destitute of nitrogen ; its composition 
in 100 parts beings 

Carbon S4-00 

Hydrogen Vl-00 

Oxygen 4-00 



It is readily distinguished &om all ordinary fatty matters 
inconsequence of being non-saponiflablevrith alkalies. When 
pure, cholesterin is found in thin, while, transparent, rhom- 
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boidal pljteB, with parallel sidea nnd stiarp angles. As Tppre- 
eenled in fig. 18, the crystals arc occusionallj large and 
Buperimposed on one anoLher, but in consequence of Iheit 
tranaparency the outlinea of the under strata are as well seen 
as those of the upp^r. Hence they are fine microscopic 
objects, risible with a low power. 

The easiest test for cholesterin is its miorosoopie characters, 
in combinatiaa with its extreme solubilitf in hot alcohol, and 
re-deposition on cooling in a crystnlline form. If the cholesterin 
be in a dry stale it gives along with sulphuric acid on a while 
porcelain vessel a beautirul play of colours, passing through 
the different shades of oran ge, red, purple, and green. 
Ficj. 18. 
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By prolonged boiling with nitric acid cholesterin is con- 
Terted into (among other things) ojtalic, acetic, and butyric 

PJtijsiBiogy. 

Cholesterin is one of the normal ingredients of the human 

body. It is met with in Inrge quantity in the bile, in which 

it is retained in a soluble state by glycochollc and tauiocholic 



acid*, ia the aqueom golatioiu of which it is exceedingly 
Butuble. Cholesteiin is sLto > nonnal coutiraoit of the 
nerTOUB sjitem, being rery atandinl in Ihe brain and spinal 
cord. MoreOTer. it ia to be met with in the liune of the 
liver and apleen, and is also regarded in the light of & . 
conelant constituent of the blood. 

CholesCerin seems to undergo decomposition in the bodj, 
for as far as I am aware it has aevei been fjund as a piodact 
of an; of the normil excretions, althoagh it is abandantly to 
be met irlth in a great variety of situations during disease. 

Pathologg. 

Cbolesteria was oiiginall^ diEcorcred in blliaiy calculi ; 
many — indeed, I might say moal, of which are almost entirely 
composed of this subetance. Ud a few rare occasions the 
calculus may be said to coasist of pure cholcsterin. Here 
is one, from my own collection, which is, as you peiceire, of 
almost trdiisparent purity, notwithstanding that it is as large 
as a pigeon's egg. 

Cholesterin is a common constituent of liquid exudations, 
being found in large quantity ia the iluid of ovatian cysts, 
hydiuctles, and hydatid cysts. 

It is also to be constantly met with in the pasty-like matter 
of sebaceous cysts ; in fact, there are few cystic tumours, be 
their contents solid oi liquid, to be found without it 

Lehmano has also met with crystals of cholesterin both in 
the choroid plexus of the bruin and in the putmouary expecto- 
tatioD of advanced phthisis. 

In calcined tubercle and echinococci it is frequently to be 
met with. 

Notwithstanding it being such a very common patho- 
logical product, cholesterin was not until lately believed to 
be excreted with the urine. Muller was the first to call 
attention to ita presence in the renal excretion, having on two 
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oceaaiona met with crj-staU of it in tho kiestein of pregnancy. 
Gmelin also found eholesterin in the urine in a case of jaundice 
from obstructed bile-duet ; and ainee ttcn various auttora 
have called attention to ila occasional presence in. the renal 
secretion. To Dr. Beale we are chieflj indebted, however, 
for giving prominence to the subject. He detected it in the 
urine in Beveral cases of fatty degeneration of the kidneys in 
considerable quantity, and also called attention to the im- 
portant fact that the oil globules found at the bottom of the 
■vessel in cases of kidney diseaae consist, not of the ordinary 
fats, as hitherto supposed, but of i,holcstenn, as can be proved, 
he says, by dissolving them in alcohol and re crystallising. 
Cbolesterin thus differs from other fatty substances in being 
heavier than water. 

It may, perhaps, not be out of place to mention the fact that 
eholesterin in a crystalline form is not unfrequently met with 
in pus, more especially after it has stood a few days. 

The presence of eholesterin in one and all of the before- 
mentioned abnormal situations, is not, however, of any great 
clinical import except when it appears in the sputa or in the 
urine ; for then, and then alone, can it be regarded as a sign 
of severely-<iisordered tissue metamorphosis. 



I TJitWARy Dbposit, a 



Cjstin, which was first discovered in 1806 by Dr. Wollaston 
in a urinary calculus, enjoys the remarkable peculiarity of 
consisdng of no less than a quarier of its weight of pnie 

CAemisfrij. 
Before exposure to light and air, Cystin is a pale, yellow, 
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opaque, ambcr-coloutcd crystalliiie organic Bulietnnce, devoid 
of either amell, taste, or reattion. In 100 parta it ia com- 
poaed of 

Caibon 30 

SULPHUR 27 

Oxygen 26 

Nitrogen . . . . . .12 

Hjdrogen ...... 5 

100 

After prolonged expoaure to liglit and air it changes its 
colour, and becomes ofHHGi-gtEPnhue. It has several peculiar 
chemical charactecB, being soluble in ammonia, but insoluble 
in carbonate of ammonia ; Bolublo in oxalic, but insoluble in 
acetic and tartaric acids ; soluble both in the mineral acids 
and alkalies, yet insoluble in water and alcohol. Moreorer, 
cyatin combines with the mineral acids to form salts, whereas 
the alkalies merely dissolve it. 

From its acid solutions it is precipitated by the carbonate of 
ammonia, and from its alkaline solutions by acefie aoid. 
When boiled with caustic potash, it yields ammonia and an 
inflammable gas. 

When strongly heated in the open air it does not fuse, 
but bums with a bluish-green fiame, and gives off an 
acid Tapour with a disagreeable odour. Whereas, when 
heated in a close vessel (dry distillation), it chars, yields a 
fetid oil, and gives off the alkaline vapours of ammonia. 

Cystin is readily detected in the urine in conseq^ueuce of its 
possessing weU-defined crystalline characters. Under the 
microscope the crystals are seen either to be perfect hexa- 
gons or some raodiflcatioo of the hexagon (Fig. 18, a). 
They are thin plates, and often lie one over the other (o). 
So characteristic is tlieir appearance that it is almost impos- 
sible to confound them with any other urinary deposit, unleaa 



it might perhaps be witli urie acid, ivhich, on eome rare 
occasions, crystaHixes in tesagonal-looking platea. The 
cyatin. crystals are, however, roucli smaller than those of 
uric acid, and even when there is t doubt about the nature 
of the deposit the addition of a few drops of a miners acid 
eoon settles the question, as the crystals of uric acid remain 
unaffected, while those of cystin are speedily dissolved, again 
to reappear on the neutralisation of the acid by the carbonate 

Fia. 18. 



CP< 







ha. K.—Cystia. n 
urine; t, dejasita 
by diswJrtng a pi 


iniun of a ealculua in amniuuin 



It must be borne in mind that crystals ere not always to be 
detected in urine containing cystin. For there are many 
cases ia which the urine is alkaline, or, at least, neutral, 
where no deposit ia to be detected until after the addition 
of acetic acid. The cystin is then thro^Ti doira cither as an 
amorphnuB precipitate or in the shape of imperfectly formed 
crystals (Fig. 18, i). The latter are occaaionally not unlilte 
balls of tyrosin, appearing in some cases to consist of badly 
formed rosettes of email crystals. 

Should a case arise where the deposit, caused by acetic acid. 
is likely to be confounded with urates, strong nitric acid ought 
to be added, which will at once dissolve the cystin, and leave 
the other intact. If still further proof of the true nature of the 
deposit be required, collect, dry, and redissolve jt in ammonia. 
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snd on the alow evaporation of the ammonia the cystin mil 
assume the hexagonal form of crystalliaation. 

Urine containing a larger quantity of cystin has in general 
a pale greenish yellow hue, and a sweet briar-like odour. The 
cause of the odour I am at some loss to comprehend, seeing 
that pure cystin is perfectly odoiirlcsa. When stale, cystin 
urine smells like rotten egga, in consequence of its sulphur 
being transformed into sulphurettod hydrogen. . 

In testing calculi for cystin, place a portion of the Stone OU 
platinum foil and hum it. The following characters will 
denote the presence of cystin : — 1st, the sickening acid smell ; 
2nd, the bluish green flame ; and, 3td (what I considcj' a very 
characteristic teat), the polished platinum soon becomes stained 
of a deep greenish blue colour, which colour entirely dis- 
appears on further heating. 

If the stone be impure the quantity of cystin it contains 
can be readily ascettaineil by dissolving a given amount in 
anmionia, filtering and weighing the cystin left after the 
evaporation of the liquid. 

I'hysMogy. 

The origin of cystin in the animal body is as yet entirely 
unknown, but th. ar <^ unds f r supposing that it is in 
some way or oth nn d th the function of the liver. 

The first of thcs is th h substance of a crystalline 

nature met with in h h hy b dy containing sulphur ia 
taurin, one of th rmal p d ts of the bile. The second, 
liat in certain dis a. d tes the system crystals of cystia 
ate met with in the liver (Soberer, Cloetta, Virchow, and 
myself). 

At one time cystin was, like many of the other urinary 
ingredients, supposed to be formed in the kidneys, but flie 
fact of its being occasionally met with in the liver completely 
negatives that view. Li.deed, aJl recent research tends to 









JS5 


prove that the Itidoejs are iii no 


case forraatiye organs 


., and 


that their function is purely ex.ei 


■eti-se. 




It 19 
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Pathology. 

Notwithstanding that cystin is neyer to be met with in the 
healthy animal organism, its presence in disease is hj- no means 
BO rare as one might at first sight imagine. Indeed, it is 
highly probable that it is often present in the urine without 
being detected, even in cases where the secretion has been 
microscopically examined, I have two reasons for saying so ; 
first, cyatin 13 often retained in solution until it is nrtifl- 

cially precipitated by means of acetic acid ; and secondly, 
the cystin diathesis has in most cases remained undiscovered 
not onlyimtil a stone has formed, but even until the nature of 
the calculus has been revealed by ohemical analysis. 

Although the presence of cystin in the urine must be re- 
garded as abnormal, yet it cannot be looked upon as an indi- 
cation of the existence of any grave disease, foe until it 
accumulates in the kidney or bladder and gives rise to the 
discomforts uf a stone, the persons labouring under it do not 
appear to be in worse health than the majority of their neigh- 
bours. An old fellow student of my own has to my personal 
knowledge had cystin deposit in his urine for at least fifteen 
or sixteen years, and not until -very receatlf did it cause him 
any discomfort (see the postscript). 

The cystin diathesis has one striking peculiarity, namely, 
that it ia seldom preceded, associated with, or followed by 
any other. Indeed, persona labouring under it seem to enjoy 
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a remarkable immunity &om othei urinary depoaita- Look, 
for example, at these three fine specimeiut of cystin calculi ; 
how different they are from many of the stones ive have 
already examined. They have neither nuclei of uric acid, nor 
coatings of phosphates. From beginning to end they are 
uniform in structure, and these are no exceptions to the 
general rule, for although I haye examined twelve of this 
species of calculus, not one of them had either a nucleus or a 
covering of any other kind of urinary sediment, and only in 
very few of them was the tystin, na in one of the specimens 
hefore us, mixed with an impurity. Even in glancing over 
the literature of the subject I have succeeded in finding only 
two cases in which the calculus was of a complex character. 
The flrat is one in which a cystin stone had a uric acid cover- 
ing (recorded by Henry), and the second is one in which a 
cystin stone had a uric acid nucleus (mentioned by Yelloly). 

The urinary deposit which appears to have the greatest 
tendency to mix itself up with cystin is that of phosphates, 
and it seenis to me highly probable that this is not in any 
way due to the patient having » phosphatic diathesis, but 
merely to the accidental circumstance of cystin urine fre- 
quently having an alkaline reaction. Phosphates being, as is 
well known, insoluble in alkaline urine, we have at once a 
good chemical reason foe their occasionally becoming mixed 
up with cystin deposita. A precisely similar remaik is equally 
applicable to the sparingly soluble carbonates and oxalates 
of the alkaline earths. 

The cystin is easily separable from the phosphatic deposit 
by treating the mixture with strong acetic acid, which, while 
it dissolves the phosphates, only renders the cystin more 
insoluble. 

If the word diathesis is applicable to anything at all, it 
seems specially appropriate to those cases in which a cystiQ 
deposit is habitually met with in the human mine ; for if we 



esamine into the liistory of the recorded cases, we find it ii 
poBBible to arrive at any other conclusion than that the oyat 
deposit depends upon a peculiar congenital or acquired bU 
of body, quite independent of any special disease or knoi 
conatitutional peculiarity. 



The majority of writers, I an 


1 awaie, speak of it as Ijeing 




it having several times been 


found to occur in more than oni 


'. member of the same family. 


Ci^-iale, for example, met with i 


t in two brothers ; Toel in two 


Bisters : and Golding Bird in : 


no less than three succeeding 



generations. Notwithstanding this, however, I am disinclined 
to adopt the hereditary theory ; for ou looking through the 
aiunerous recorded eases of cyatin calculi, it will be found that 
ia very many instances special mention is made that the patient 
waa the only member of Ms family known to be so afflicted. 

On the other hand agidn, cystin deposits cannot be said to 
depend on national peculiarities, for England, Scotland, 
France, Ireland, and Germany have all furnished their quota. 
Neither can we localise them in any particular part of the 
country ; nor can we attribute them to any special kind of 
drink; for cystin calculi are alike to be met with in cider- 
drinking Herefordabire, beer -consuming Yorkshire, and 
whisk y-imbiliing Mid Lothian. Some think that fish and 
vegetable diet have a great effect in producing thera ; but 
they have utterly failed til prove that either the pisciverous 
Shetlander, or the modem vegetarian are more liable to cystin 
calculi than persona who indulge in a less restricted form 

Golding Bird hazarded the idea that scrofulous persona were 
more liable to the cystin diathesis than others — a doctrine 
which appears to me as untenable as that which attributes it 
to the chlorotic habit of body. A glance at the thousands of 
persons surrounding us who suffer irom the one or other of 
these conditions, and in whose urine no cystin deposit has 
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ever been detected, ie Bufficient of itaelf to negative either of 
these -riews. 

Fig. 19. The cjsldii diathesis, be it what it 

ay, is certainly something apart fi-om 
ly other condition of body with which 

A., c are familiar, and, ae said before, the 
most tenable doctrine appears to be 
that it is in some way or other con- 
y"~V ncctcd with the interrupted metamor- 
\_/ phosia of Bome of the hepatic producta, 
as they alono possess the required 
V^f amount of sulphur, and in the urine 

Fio, 19.— CryaUlB of cyntin only do crystals of cystin appear as a 
liver. common deposit, The accompanying 

figure (19) represents some crystals of cystin which I detected 
in the liver in a fatal case of jaundice, (b) 

It would seem, too, that the habit of body in which it 
originates is more likely to be congenital than acquired, for 
among the cases recorded the majority beai evidence that the 
oyBtin deposit began at a very early age, and not one is to be 
found in which it was met with after the prime of life. 

It may be well here to remark that in some cases the 
deposition of cystin in the urine is irregularly intermittent. 
In the ease of a patient recovering from a severe attack of 
pneumonia, who was under my care in 18B0, while Ilcsident 
Physician in the Royal Infirmary, Edinburgh, the urine con- 
tained well-formed crystals of cystin every second or third 
day. A connexion between the diet and the deposit in this 
case was sought to he discovered, but with an entirely nega- 
tive result, except on one point, which appeared to be pretty 
satisfactorily established — namely, that as the disease of the 

(b) A complete Mstoiy of this casa will "be found in lio atithor'a work 
on "Jaundice and Diacaapa of the Liver and Pmcreas," p. 6a, 



lungs disappparcd, and the appetite of the patient improTed, 
the amount of cj'Htiii in the mine gradually increased. 

As regards ttcalment, it is much to be regretted that no 
rules can as yet be given which have satisfactorily stood the 
test of experience i but grounding our riews on a knowledge 
of the chemical composition &nd reactions of cystin, I would 
venture tQ advise the adoption of the following line of treat- 

1st. As to diet, all foods rich in sulphur ought to be avoided. 
Eggs, peas, beans, [knd cabbage would of course come under 
this head. Protein suhstaneea^ — albumen and fibrin, for ex- 
am 1 1 " h 1 t ■ ulph h uld b tak in m d 
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converted in the system into carbonic acid would still be 
objectionable ; while we would at the same time avoid 
prescribing for him cither citrates, acetates, or tartrates. 
For similar reasons an enibaigo should be put upon the 



caTboaate of Bimnonia, and even ammania in any farm, as iC is 
speedily transformed into the uarbonate in the circulation. 

The other alkalies had alao better be avoided, not because 
cystio is insoluble in them, but because Ibe urine in persona 
affected with the cjatin diathesis has a tendency to alkalinity ; 
and in alkaline urine there is always a danger of a deposition 
of phosphates, oxnIatEs, or eJibouates taking place. 

Ferruginous tonics have been greatly recominended in the 
caaca we ate now considering : and no doubt whatever tends 
to restore the healthy tone to the ssatom is likely to do good. 
H, however, there be one form of remedy more likely to 
benefit than another, it appears to me that it is that of the 
mineral acids, nitric and hydrochloric (not sulphuric), as they 
will not only help to retain the cyatiii in solution, but directly 
aid in correcting the tendency to nlkalinity in the blood and 
urine. These mineral acids can, oE course, easily be combined 
with vegetable tonics, and, if need be, with several femi- 
ginous ones. 

Some, not yet emancipated irom the fetters of the so-called 
" practical" delusion, may be tempted to exclaim against this 
as being chemical therapeutics ; bttt to such I reply, that 1 am 
proud to say that it is chemical therapeutics ; and that if 
chemical therapeutics are worth, anything, they are most 
assuredly so in the treatment of diseases of the urinary organs. 
All the blundering empiritiam of past times might have in 
great part been Q.Toided, had our predecessors only known a 
little more of the chemistry of the body and its secretions. 

A few years ago scientific farming was looked upon as a 
wild illusion, and the so-called "practical" wiseacres shook 
their wise heads when Liebig, in propounding to them the 
self-evident doctrine that out of nothing, nothing can be made, 
' pomted out that, in order to procure crops, the inorganic and 
organic substances comprising them must be furnished by the 



soil, supplied ia tlio water, or jlelded from the otraospliere. 
Until then the seed, in the eyes of tJie farmer, was beyond the , 
pale of any natural law, and growth was by him regarded as \ 
a mysterious process by whieh the plant, under the influence 
of heat, light, and moisture, manufactured all that it 
required out of an unknown something, about the nature 
of which few apparently sought to inquire. Now, how- 
eyer, the light of knowledge is gradually dawning upon 
the agriculturist, and he begins to discover that plants, 
although able to build up, trHnsform, arrange, and modify, 
can neither create nor destroy a single atom of llie elements 
of which they are made ; and although he still pretends 
to scorn Liebig and his doctrines, he cannot help perceiv- 
ing that the fertility of his fields increases and decreases, other 
things being equal, in a direct ratio to the amount of food they 
contain suitable to each particular crop. Nay, more, he even 
begins to try and restore to the exhausted soil, by means of 
artificial manures, those substances of which he supposes it 
has become deficient. His ignorance is still, however, such 
tJiat, as soon as he fails in his endeavour to restore fertility 
by arliBcial products, he lays the blame at the door of 
chemistry, and entirely overlooks the fact that it arose from 
his own error in not adding the properingredientui the proper 
place ; for should his fields have become exhausted of phos- 
phates, and he manures them with ammonia, which they 
already possess in superabundance, is it surprising that he 
obtains a stunted crop of a yegetable ivhose tissues require 
more phosphatic than amraouiacal salts; Every one, of 
course, esclairas no ; but why, then, I ask, do we not apply 
the same mode of reasoning and the same remark to our own 
failures in medicine ! In what respect do we ditfer fi:om the 
agriculturist? His object is to obtain good crops, and so is 
ours ; the Only difference being that while he looks for cam 
and wheat, we seek to obtain muscular strength and mental 
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rigour, ajid the animal body can no liiore generatetheseoutof 
nothing, than Ihe vegetable can fruit and flowers. 

Just as there is a fundamctital law in phyaica, that no 
' matter can exist iiiUiout force, and no force can be generated 
■nithout matter ; bo, too, in physiology, there is a fundamental 
law, that no change can take place in the material of which 
the animal body is coDiposed without giving rine to rilal 
phenomena, and no rital phenomena can take place without a 
corresponding change in the material. And aa the animal 
body, lite the vegetable, can neither create nor destroy a 
single element — in order that it may produce muscular strength 
end mental power, a constant Bupply of the proper material 
must be furnished to it ; and, in cases where the food is 
deficient in the required smoujit of material, we must add it 
in the shape of medicine. 

In (;ivmg medi ine we but supply directly or indirectly 
to the diiferent tissues of the IJBme the materials of which 
thej hare become exhausted, or hasten the remoTal of 
those which are ii e\eesa or have become effete;— and the 
BOoner practicil men become alive to the truth of this all- 
important doctrme the better it will he both for themselves 
and their patients I am perfectly aware that this "material" 
view of therapeutics like LieMg'a views of agriculture, will 
be scouted at for a season ; but, being thoroughly conrinced 
of the stability of the foundation upon which it is based, I 
have no fear of the ultimate result, and am perfectly content 
to bide my time. 

Let us look for a moment at the question of oystin. No 
one can deny that it contains a large quantity of sulphur, and 
I think all will admit that aa sulphur is an " element," it 
cannot be manufactured in the body ; for although the animal 
organism can form innumerable compounds out of the fourteen 
elements of which it is composed, it cannot create the smallest 
particle of one of the fourteen elements themselves. The 
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sulpliur contained in the eliminated cyatin therefore, being 
obtained by the body &am without, it is clear that hy stopping 
the supply of this element we could at once arrest the forma- 
tion of ej-stin. As sulphur is one of those substances, how- 
ever, whict performs a multitude of important offices in the 
animal body, it would never do entirely to stop its supply. 
The next best thing, therefore, is to diminish it to the mini- 
mum which the wants of the sj'stem demand, and to try and 
remove hy other means the abnormal tendency the body has of 
combining it with O. II. and JJ. in the form of an abnormal 
compound. 

The line of treatment which has been above suggested is 
that which at present appears to he the best, but I do not 
for a moment pretend to say that it is absolutely so, or that it 
will not require considerable modification according to the 
citcumstimces and constitutional peculiarity of the patient. 
The difficulties in the application of chemical therapeutics 
arc neither less nor more than those which stand in the way 
of empirical therapeutics ; for in either case, if we even lake 
for granted that our diagnosis is perfectly correct, and that the 
remedy selected is the most suitable contained in the Phaima- 
eopccia, we can never foretell what eitraneous influences may 
be brought to bear upon the body and modify or even coun- 
teract its effects. This much, however, may be said, that as 
no two cases are ever precisely alike, and no two seta of con- 
ditions invariably the same, tberc ia far less likelihood of error 
in rational tim n in empirical medicine ; for while the former 
combines the teachings of science with those of empiricism, 
the latter contents itself with the information obtained from 

The chief obstacle to the spread of rational, or as they are 
often called, chemical therapeutics, lies in the imperfect know- 
ledge of physiology and chemistry possessed by practical men. 
For the limiltd acquaintance they have with these stiidji;i 
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;' prevents their appiMiating the true value of acientific infor- 
mation sufReientlj to deter tlicm from attempting to apply it 
In practice ere they have thoroughly mastered the Bubject. 
The natural rcault consequently is that thej almost invari- 
ably fail in their endeatouts to combine science with em- 
piricism, but instead of attributing their failure to a deficiency 
of knowledge, put the entire blame upon what they please 
to term the false teachings of science. It is to be hoped, 
however, that through the agency of physiological labora- 
tories, such as have been already established in France and 
in Germany, at this (University) College and al Netley, 
the succeeding generations of Medical men will he enabled 
more Buccessfully to apply these same teachings of science 
to (lie alleviation of suffering, and thereby raise our Frofeasion 
to the high position it is evidently destined at no very distant 
period to occupy. 

As regards cystin calculi, some Special reraarks are necei- 
sary. They are by no means always vesical ; for Maicet, 
senior, mentions no less than three cases in which they were 
met with in the kidneys ; and Berzelius, Brande, and Bence 
Jones have each added one to this number. The oi 



of renal cystin calculi of course proves that, imder certain 
conditions of the system, the state of the urine is such, even 
at tlie moment of its secretion, as to prevent it retaining the 
cyatin in solution, — a fact of considerable clinical importance ; 
and it would be exceedingly useful to ascertain if, in cases of 
renal cystin calculi, the urine is alkaline ; for if so, the neces- 
sity of the acid line of treatment would be made more 
apparent. 

Cystin calculi may form at any period of life, from birth 
onwards to middle age. Wollaston's celebrated calculus was 
removed from the urethra of an infant, and Miiilcr has 
described one taken from the bladderof a boy six years of age. 
The majority appear to have been met with between the 
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twentieth and thirtietli year. aJthough their formatioa seems 
to have begun much earlier. 

It has already been mentianed that cystia calculi aie seldom 
of a compiei characler, and it may now be added that they 
aie even very rarely of a raised nature. Hereis one (Xo. 2467, 
Univ. Coll, Museum) which well illustrates how beauti- 
fully pure they maysometimoa be. Scrapings from this stone 
almost entirely dissolve in ammonia, and on the evaporation of 
the liquid fine hesagOQEil plates of cystin cover the bottom 
and sides of the vessel. When analysing this specimen a few 
years ago, I had occasion to incinerate a portion, and it was so 
pure as to be entirely dissipated by heat. No inorganic ash 
remsined behind. This half af the stone in its present stale 
weighs 265 grains, so that the entire specimen, before it wrs 
cut and polished, must have weighed considerably more than 
530 grains. 

The effect of light on cystin is well shown in this speci- 
men. AU the exposed parts aie of a fine sea-green colour, 
while that in contact with the cotton wool is ot a brownish- 
yellow amber hue. Moreover, the polished section further 
shows the confusedly crystalliiie-looking structure prescnteii 
by pure cystin, which is of itself a sign of its purity. The 
outside of the stone is rough, tuberculaied, and gUstening 
from the peculiar arrangement of thi? crystals. In shape the 
stone is a flattened oval, the suifacc of Che section being 2j by 
Ij inches in diameter. The o nly history connected with the 
specimen is that it was successfully removed by Mr. Liston 
from the bladder of a Seolclunan, aged 37, none of whose 
relations were known to have STifiered from stone. 

This other specimen (No. 3620) is one of equal interest, but 
in another way. It consists, as is seen, ot a number of frag- 
ments, amounting in all to above half-an-ounce in weight, 
which were passed by the urethra after the calculus was 
crushed by Mr. Liaton. The patient was a young man. 19 
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yoare of age, a native of Herefardshire, and the symptoms of 
stone had existed for many years "before he came to University 
College Hospital. The operation of crushing was repeated 
four times before all the fragments came away. Amongst 
them is a small oval calculus of the same material, with a fine 
crystalline esterior. It was passBil along with the fragments. 
It has more of an amber yelluw than of a green colour, which 
Dr. Prout, who examined the epecimens, considered might 
be due to it containing some more of the water of crystallisa- 
tion than the larger atone ; but it appears to me to be chieSy 
due to its being kept covered up in paper, while the others 
are exposed to the light. No hereditary taint could be made 
out in this ease, and no other member of the family was 
known to have suffered from stone of any kind. 

This third specimen of cystin calculi (No. 2621, Univ. Col. 
Museum) is also enceedingly interesting, notwithstanding that 
nothing is known of the history of the patient from whom it 
was removed. The atone, however, tells part of its own 
clinical history, and a most instructive part, as we shall 
immediately see- 
In the first place, the section of this stone is not of the same 
colour as that of the other specimens ; it is of a much paler 
green, looking more like tailors' chalk than anything else. 
Besides this, it has not the confusedly crystalline appear- 
ance, nor the transparency so characteristic of pure cystin. 
Whereas, it possesses, on the other hand, a distinctly, though 
slightly, striated arrangement, which I consider of itaeK an 
indication of impurity. In this c ase the impurity eonfiists of 
an admixture of phosphates, and these ate so uniformly blended 
with the cystin that I am led to the belief that the presence 
of phosphate of lime in this instance is not due to the patient 
having had a phosphatic as well aa a cystin diathesis, but solely 
to the accidental circumstance of his urine having been alka- 
line, which would, of course, of itself fuUy account for the 
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phoBphatic admixtuTE. The stone in its present dilapidated 
condition weighs nearly S'50 grains, and ia two and a quaitei 
inches in its greatest diameter (a). 

It was prBTiouely said that many patients labouiing under 
the cystin diathesis do not appear to erjriy less health than 
their Deighbaura until they begin to suffer from symptoms of 
stone. It may now he added, that cystin ealculido not appear 
to give rise to so much discomfort as many other kinds ef atone. 
Bat whether or not this arises from the general health of the 
patients being better I am not in a position to say, the state- 
ment being ixierely baaed ora the two following facts : — 

Istly. Most cystin calculi are of considerable size before the 
patient applies for relief, and 2ndly, there is an almost in- 
Tariable absence of any phospbatic covering on cyatin calculi, 
which proves that they do tiot gire rise to the same amount of 
vesioal irritation as other forma of stone, the majority of which, 
when of any size, have a coating of phoEiphatcs. 

This leads me to mention that I have met with two rases of 
cerebral disturbance, in which cyatin appeared in the urine, 
Msociated with uric acid. The first was that of a gentleman, 
aged 13, whom I seyeral times saw, in consultation with Mr. 
■William Coulson, during the latter part of 1869, and beginning 
of 1870. The second was that of a lady aged 53, aent lo me 
in May, iS70, by Professor Attfield, who discovered cyntin 
along with uric acid in her urine. Both patients were subject 
to gravel, both, of a highly nervous temperament, the former 
with symptoms of derangement of the spine, the latter of tha 



brain, InMc. William Co iilaon', 






large, the cystin only in small quantity. Thi 
the cystin yielded to the treatment. In the CBse of the ludy, 
the uric acid and cyatin were nearly in equal proportions, and 
equally amenable to treatment. 
P.S — As it is not often tliat one hears a medical man'i view* 

{a) Cr. B. Jonof piibliihBd an accnunt of the nnnliBla of tbis calottliu io 



ot his own caae, when it is one of ihe eyaiin diatheeiB, 1 quote 
Ihe foUoning:— " I am still [Not. 1861) bothered wi\h the 
cjstin, as you will readily uncleretand when I tell jou that 
S)'iiie[b) crushed a calculus for me eboul four momhs ago, ajid 
removed another between two and three months aiute by the 
metiian operation." The first of these calcali must have been 
at least fifteen or siiteen years in foruiing. 

Aaregaciisdiet, be remarks ;—" The only changel had made 
in my diet during the last two or tluee years was 10 take more 
wine than I ever did before. I generally look about three 
glasses of dry sherry at dinner ; and although it helped me to 
do moie work, I am sure I was ou the whole the worse foe 
it." ..." Wine, beef, and mutton Beemed to increase the 
deposit ; eo that I have recently given up the use of all 
BtimuUnts, and not tasted beef or mutton above two or three 
times during the last three months. Finh and vegetables I do 
not consider do me any harm ; but the only Tegetable I lake 
JB potato, and that, too, but once a. day. Fish, on the other 
hand, I take every morning to breakfast, and at dinner I 
usually limit mjBulf to fowl, game, or real. The great poinl 
is not to eat more tlian the wants of the body demand. Eoih 
overwork and mental worry increase cjatin deposits." 

XANTHIN 

Xanlhin was first discovered in a calculus weighing eight 

grains by Maccet, senior, and since then, alihough occasionally 

met with in the mine as a sediment, it has only on two other 

occasions beenfouud in the form of a stone in the human bod j. 

C/iemislry. 

Xanthin, when pure, ia a white, beeswax-like noa-crystal- 
liue organic substance, insoluble in cold, but slightly soluble 
in hot Witter. In 100 parts it consisla of — 

Carbon, 39-5; Nitrogen, 36 8; Oiyger,2M; Hydrogen, 2'6. 
(bj Tlio lata rrofessur Syme, of EdinLuygli. ^ 
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It differe from cystin, therefore, in containijig no sulphm, 
nnd from uric acid in its small proportion, of nitrogen (uric 
acid contains over 33 per cent.)', 

Xanthin is soluble in amntania, and very readily dissolTed 
in caustic potaah. From its alkaline solutions it is precipitated 
by acids, even by a current of carbonic acid. It is also 
soluble in the strong mineral acids with the aid of heat, and 
ila solution in hydrochloric acid on cooling yields microscopic 
crystals of the hydroehlorate of xanthin. 

On adding nitrate of silver to the nitiic acid solution of 
xanthin, a crystalline,&ne needle-shaped precipitate falls down. 

When heated on a spatula with nitric acid, as in testing for 
uric acid, xanthin forms a yellow substance, which, an the 
addition of potash and evaporation, gives a dark purple-red 
colour. 

Xanthin can easily lie Beparated &om uric acid by dissolving 
the whole in pore sulphuric acid, and then adding distilled 
water, which instantly precipitates the uric acid while it leaves 
the xanthin in soIutioiL. 

Physiology. 

Xanthin is pretty widely distributed throughout the animal 
organism. It has been found in very many healthy tissues of 
the human body. In the brain, liver, spleen, pancreas, thymus 
gland, the muscles, and the blood; and it is supposed to be 
one of the intermediate products of the metamorphosis of 
protein substances. 

Xanthin is closely allied to guanin, which is also to be met 
with in the human body, and it can be prepared artificially 
&om that substance by the aid of nitric acid. 



Schcrer says xanthin. is a normal constituent of healthy 
fiuman urine, but is not met with in sufficient quanlily to 
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lender its detection aiifficlently easy for clinical purposes. 
Neubauer thinkB that on an nyerage there is about 1 gramme 
(IS^ grains) in GOO pounds of human urine. In the urine of 
spiders, on the other hand, it exists in abundance (Davy), 
and the concretions called Oriental bSzoards also contain > 
large quantity of this substance. 

Pathologiy, 

Xantliin is occ^ionally met wilh in diseases as a urinary 
sediment, and more rarely still as a calculus. 

Togel speaks of the xanthin being much increased in cases 
of enlarged spleen, and also in acute atrophy of the liver. 
Douglas Maclagan(a) believes he found it in the urine of an 
hysterical girl ; and JackBon(b) thinks he met with it in a case 
of diabetes. Beuce Jones(c) has lately describeil a case in 
which a crystalline deposit of smtMu repeatedly appeared in 
the urine. The case is briefly as follows ; — 

A schoolboy, aged 9) years, enjoyed health up to the age 
of 7, when he was seized with violent sickniss and pain in the 
stomach. On the third day the urine became of the colour of 
blood. It then stopped, and none was passed for four days, 
when delirimn and convulsions came on. These lasted twenty- 
four hours, ceasing after a violent perspiration. No stone was 
known to have passed. In a few days he got perfectly well, 
and continued so for three years, when he caught a slight 
cold, and was delirious one night. The mine contained albu- 
men, and was generally thick, and of high specific gravity. 
Under the microscope, the sedixncnt was found to contain 
small oblong plates resembling uiic acid (Fig. 20, a). But as 
these were dissolved by boiling, and soluble in hydrochloric 
acid, as well as in alkalies, and the hydrochloric acid soluliOQ, 

(a) JidUi. Med. Joum.. ISSl. (b) Arilii. dtr Pkana., 1S3I. 
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on. being evaporated t 


dryness 


, yielded prismatic and hej- 


agonal c 


rj-9tal3 (Tig, 2 


;0, i), the 


deposit 


was supposed i 


to be 


lantMn, 


■n-iOi wtose r. 


eictons, 1 


^iflseen, 


, it closely agcM 


^B. 




As already said, xanthin Fia. 30. 

has been met with in tlic 
fonn of caJculi in the human 
auhject; butcasea <if thekmd 
are bo exeeediiif;lv rato th.i.t 
as yet only three have been 
recorded. This specunen> 
consisting of a fen fragments, 
formeil part of the celebrated 
lanthin cali'ulus, the size of '(n.) SKintaiieouB deposit, (t,) Dia- 
B small hen's egg, which was ciyBtaUiaed. 
successfully extracted by Professor Langenbeck from the 
bladder of a Hanoverian peasant boy aged eight years. The 
stone broke in the process of extraction, and these portions 
were presented by Langenbeck to our late Professor of Surgery, 
Mr. Listen. While analysing the calculi ia our museum a few 
years ago I hadoccasion to examine this specimen, and found 
that it possessed the following characters : It is of a dark 
cinnamon-red colour, exceedingly hard, of somewhat glistening 
fractiire, and distinctly lamjiiated. 

Small fragments are readily dissolved in caustic potash, less 
so in ammonia, scarcely at all in water, CTcn after prolonged 
boiling, and very sparingly soluble in the mineral acids. The 
much slighter solubility uf the calculus, when compared to 
pure artiflcially prepared xanthin, arises no doubt ftom its 
exceedingly dense nature, for when finely powdered its solu- 
bility is greatly increased. On. incinerating a small &agment 
it slowly charred, without any flame, or disagreeable odour, 
thus presenting a striking difference to cystin, and was at 
length gradually dissipated without leaving any perceptible 
inorganic residue. 
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Tte peculiar red colour of the calculus jj no doubt entirely 
due to the Jtanthin having taken up a quantity of the colooi- 
ing matter (urohcematin) of the urino, just as uric acid undei 
Bimilar circumstances docs ; for pure xauthin is white. 



Leucin is, when pure, a white non-ciyBtallisable.'odourlesa, 
and tasteless organic fktty-lookiiLg substance, composed in 
100 parts of 

Carbon 54-96 

Oxygen 2i-44 

Nitrogen 10-68 

Hydrogen 9-92 

100-00 

Although looking something like fatty matter, it is quite 
different from, it in its chemical rea ctions, for it is yery soluble 
in -water, sparingly soluble in aleokal, and quite insoluble in 
ether. Moreover, it is soluble in strong acids as -well as in 
alkalies. 

Leucin can be artificially prepared from almost any protein 
substance by decomposing it with acids, alkalies, or even by 
the process of fermentation. Leucin is itself also readily 
changed hy oxidation, and when fully oxidised is entirely 
transformed into ammonia, water, and carbonic acid. 

The best chemical test for leucin is that proposed by Scherer 
- — namely, to put a small quantity on a platinum spatula, add 
nitric acid, evaporate to dryness, and then treat the residue 
with caustic soda, which dissolves it. \\Tien the solution thus 
obtained is concentrated, an oily-looking drop is formed, which 
can be readily rolled about on tbe spatula. 

In the urine, leucin is never met with in sufficient quantity 



to allow of the application of Uiia test ; ivc have therefore to 
content ouiselres with its microacopic appearances, which 
aie tolerably faithfully represented in the accompanying 
woodcut. 










The circular oily-looking discs might at first glance be roia- 
taken for oil,notonlyon account of their microacopic charactera, 
but also on account of their being lighter than water. Their 
insolubility in ether at once distinguishea them &oin all oily 
matters. Besides this, although the discs show no crjala-lline 
characters, they are occasionally laminated lite the granules 
of potato starch, and hence are apt to be confounded with 
microacopic crystals of carbonate of lime. The lime crystals, 
however, sink, whereas the greater number of globules of 
leucin float, in water. 

Leucin, as met -n-ith in urine, is always deeply impregnated 
with the colouring matter of the liquid; hence, in case* of 
jaundice, the globules have a dark yellow hue. 

In searching for leucin in human urine, an ounce or two of 
the liquid should be slowly evaporated to the consistence of a 
syrup, act aside to cool, anil afterwards examined with the 
microscope. As yet we have not the mdfms of making a quan- 
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titative analyBis of this substance with sufficient facility for 

clinical purpoflcs. 

Pkyaialo^y. 

Lpucin has for msny years been knovm to scientific men aa 
& normal product of some of the sjiimal organs, but it is only 
within the lost three or four years that it has assumed a 
clinical importance. 

According to the researches of Liebig, Scherec, Gorup- 
Besanei, Frerichs, Neukomm, and many others, it may now 
be said to he one of the normal constituents of the spleen, 
liver, pancreas, lungs, brain, thymus, and thyroid ; but 
whether it exists in the healthy living body aa such, or is 
only a morbid product of dccoiliposition, is not yet a settled 
question. Be that as it may, one thing is clear — namely, 
that its quantity is greatly increased during disease, and that 
ita appearance in some of the eicrctiona ia a diagnostic sign 
of considerable value. I*ucin is considered to be one of the 
tTMisition products in the metamorphosis of albuminoid sub- 
■tsjices, and this, in the majority of instances, is no doubt 
true ; but I believe it also to be, under certain circumstanceB, 
the direct product of the interrupted metamorphosis of hepatic 
substances into taurocholie acid. The reason for this opinion 
I shall presently briefiy give, when speaiing of the origin of 
tyiosin, a substance with which it is intimately associated. 

Palholo^. 
Freritba was the first to point ont the diagnostic value of 
the presence of leucin in tho urine in hepatic disease. He 
showed that the urine contained it in abundance in cases of 
acnte atrophy, which observation lias since been confirmed by 
Sehcrcr, Neukomm, Wilks, myself, and some others. More- 
over, I have recently shown that leucin is also to be detected 
in the urine in cases of chronic atrophy of the liver. 

mttUy to be met with in the urine in cases of 



typhus asBociated witli jaundice (Frerichs, Murchiflon), and 
in a few eevere cases of small-pox. 

Leucin has lieon met with, in abundance, in the liyer in the 
ahove-meutioued lases, as well as in some caeea of phthisis 
and rheumatic fever, and the natural conclusion is that the 
hepatic organ ia the one wiiich excretes it in greatest qnan- 
tity. Indeed, at present, it is Only in cases of hepatic dis- 
ease that the existence of leucin in the renal secretion can 
be regarded as of diagnostic value. It then points out the 
Biiatence of serious mischief, and is anything but a favour- 
able sign for prognosis, all tte cases in which it has been 
as yet detected having tun on to a fatal termination. As 
regards treatment nothing need, be said, as it ia not the ieucia 
deposit, but the disease inducing it we haye to treat. 



TvKosis — Ira Ci,inica.l Sjunifjcance. 

Tyrosin belongs to the same class of substances as leucin, 
and like it may be artihcially obtained from almost any pro- 
tein matter. Ita composition is, — 

Carbon 59-67 

Oxygen 26'52 

Nitrogen 773 

Hydrogen 608 

lOO'OO 
Tyrosin differs from leucin in being crystallisable. When 
pure it crystallises in fine white glistening stellate groups of 
small prisms, as represented in Fig. 22. 

Tyrosin is odourless and tasteless, but when burned girea 

off a disagreeable smelling yapour. It is soluble in acids, 

alkalies, and boiling water ; insoluble in cold water, ether, 

and alcohol. 

The easiest applied chemical test for it is t^at proposed by 



Schera — namely, to moisten a few crystals witii strong nitric 
Bcid on a. spatula, and slowly evaporate to drjmeaa. The 
reflidue, wMch is of a fine rich yellow colour, when moistened 
\rith hydrochloric acid hecomea red. If the mixture be again 
evaporated to drj'nesE, it yields n blsckish residue. KeactiouB 
which are thought to be quite characteristic of tyrosin. 




Fia. 22. — CryatalB of pure tyrosin obtained from tho urina of a case of 
cbronic atmphj of tho Uvor. (a) Lnrga cryBtoIs \ (b) tlia common form 
of fltellaf* groups of needUc-sliapod crystals ; (c) a few seporats priETDH 
(600 dlam.). 

Aa met with in urine, it is usually so mixed with leucin 
and other matters, that before applying the test it is necessary 
to puriiy it. This may he done in the following manner ; — 

Precipitate all the colouring matter by means of a solution 
of basic acetate of lead ; filter, and then free the liquid from 
the eicceas of lead hy means of a current of sulphuretted 
hydrogen ; again filter, and evaporate the clear liquid to nearly 
dryness, when the tyrosin nill crystallise in the white stellate 
groups already described. 



In testing for impure tyroain, add to the Buapeeted solution 
a little nitrate of the protoxide of mercury (nearly neutral), 
whicli will throw down a red precipitate, and turn the auper- 
natant liquid rose coloured if tyroain be present (Hofmann). 

Another mems by which tyrosin may he recognised is that 
proposed by Frerichs. The suspected subatance is put into s 
watch-glass along with sulphuric aeid, and after standing half 
an hour the mLvture ia diluted with water. It is next boiled 
and neutralised with carbonate of aoda, filtered, and to the 
clear filtrate a few drops of perchloridc of iron devoid of acid 
is added, when the presence of tyrosin is recognised by the 
fonnatioii of a dark purple colour. 

It seldom, happens that t3-rosin is present in human 
urine in sufficient quantity to admit of the proper application 
of these tests, so that we are forced, in the ni^ority of cases, 
to confine ourselies M its microscopic appearances, which, 
fortunately for us, are amply sufficient for our purpose. In 
doubtful cases it is weU to concentrate the urine, as recom- 
mended in the caae of leucin. 

Physioloffi/. 
Tyrosin is met w-ith In. or rather may be obtained &om, almost 
all the organsin which leucin is to be found. It can scarcely, 
however, he said to be a normal constituent of the human 
frame, but rather appears to be one of the artificial products 
of the decomposition of highly nitrogeniaed mattets. It may 
be artificially obtained in cooaiderable quantities by acting 
upon bom, hair, or feathers, with sulphuric acid, 

Patholoff!,. 
As a pathological product tyrosin is occasionally met with 
in the kidneys, in tho urine, and in the liver in a free state. 
In acute yellow atrophy it may be almost said to be con- 
stantly present in all of these situations, for Staedeler, 
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FrericliB, Keukomm, Scherec, myself, and several otlien hftve 
raet with well-fonned ccjaials of tjiosin in the tissue of the 
atrophied liret, of the kidneya, and in the urine, without sub- 
jecting pilhec the one or the other to any chemical manipula- 
tion, but merely examining them with the microscope. 

The crystals in these cases do not always assume the shape 
represented at Fig. 22, but occasionally form ^ery thickly.set 
Btellate groups of tine needles, or epiculated balls, not unlike 
a rolled-up hedgehog with the brietleB sticking out in all 
directions, as represented in the accompanying woodeuC, 
Fis. 23. 




The crystals found in the nrine are usually of a deep yellow 
colour, in consequence of their ha-ving taken up a quantity of 
the bile pigment. Tyrosin has also been detected in the urine 
in cases of typhus complicated with jaundice, and in severe 
cases of small-pox, aa well as in at least one example of 
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chronic hepatic atrophy supervening on obstructed gall-duet. 
Very recently Murchiaon and myself found free crj'stals of 
tyroflin in the tissue of the kidneys of a private soldier, who 
died comatose, and whose liver wits found to be much below 
the ordinary weight. 

The last question to be considered ia : " Where does the 
tyrosin met with in disease come from ? " The results of my 
esperimeuts on anim^, ta which jaundice had been ecti- 
fidBlly given, and which have been elsewhere published, led 
me to the belief that tyrosin and leucin stand in the same 
relation to each other in disease as the two bile acids, glyco- 
cholic and taurocholic, do in health. Glycocholic acid is 
crystallisable, taurocholic is not. 

The urine of some of the dogs to which 1 gave artificial 
jaundice by the subcutaneous injection of bile contained both 
leucin and tjToaiu, and even in one of these cases crystals of 
tyrosin spontaneously formed in the bOe taken from the 
animal's gall-bladilcr immediately after death, and merely 
allowed sloivly to evaporate. In another case, again, free 
crystals of tyrosin were encoujiterod in the tissue of the liver 
itself, all of which facts led me to the conclusion that tyrosin 
and leucin are the products either of the arrested or of the 
retrograde metamorphosis of glycocbolic and taurocholic acids. 

Be the theory, however, what it may, tbe important fact for 
us clinical Physicians to bear in mind is, that the presence of 
tyrosin in the urine of any of our patients is an almost certain 
aiga of a rapidly approaching fatal termination. 



LECTUEE X. 



Is no department of experimental researth have results of 
greater value to the clinical Physician been recently obtained 
than in that eonnectei with the study of animal saccharine 
matter. "Within the last few years indeed (smee 1848), an 
entire reyolution has taken pla.ce in our ideai of the physiology 
and pathology of diabetes ; and although we have stUl much 
to learn before ive can completely unravel the skein of lawi 
regulating the formation and destruction of sugar in the animal 
economy, we have, nevertheless, reason to congratulate our- 
aelvea upon that which has already been achieved, and be 
sanguine in our expectations of what aeience may yet 
accomplish, 

Before entering upon the consideration of this important 
eta, which daw-ned within ray own time, and whose gradual 
development I have not only watched as an interested spec- 
tator, but occasionally assisted as a conscientious actor, it will 
be advisable for me btieily to scan the earlier literature of 
diabetes, in order that you may better appreciate the advances 
that have been recently made, and comprehend in what respect 
the views of its pathology ahout to be given essentially differ 
from those of my predecessors aiiii contemporaries. 

From time immemoriHl, cases of emaciation, accompanied 
by an inordinate thirst and voracious appetite, had been 



observed, and in consequence of the patients ao affected being 

urine, ancient Physiciana gave to the disease the name of 
Diabetes (61a, through; fiaii-ai, I go). It was not, however, 
until 1674 that the urine woH discovered to possess, in some 
cases, a sweet taste, the honour of which discovery belongs to 
an English Physician named Thomas Willis. Prom this time 
hencefoith the disease was divided into two classes, one of 
which received the name of Diabetes insipidus (without sugar), 
the other that of Diabetes mellitus (with sugar) , 

In 1774, exactly one hundred yeaia after the date just 
alluded to, Mathew Dobson, a Physician practising in Liver- 
pool, discovered that the blood as well as the urine in diabetes 
contains sugar, and from this observation he justly concluded 
thct the saccharine matter found in the urine is not formed in, 
but only excreted by, the kidneys. 

In 1778, Cowley succeeded in separating the sugar ftom the 
urine in a free state. (I may here remark that liartholdi, so 
early as 1S19, called attention to the presence of saccharine 
matter in milk ; but this is, of course, a point entirely un- 
connected with diabetes.) 

In 1796, John Itollo, Surgeon-General to the Royal Artil- 
lerj', made the first important observation regarding the treat- 
ment of diabetes by discovering that an animal diet not only 
reduces the quantity of urine, but even diminishes the amount 
of sugar daily eliminated. 

The next two steps were made by foreigners. 

In 1813, M. Chevreul ascertained that the saccharine matter 
metwith in diabetic urine differs from ordinary cane sugar, and 
closely resembles that of the grape. 

In 1826, another important step was gained by Tiedemann 
and Gmelin discovering that starch is transformed into sugar 
during its passage along the alimentary canal. 

In 1837, the nest observation of interest was made by 
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M'Gregor, of Glasgow, who found sugar in the vomited matters 
of ilLflbt'tio patients — an obBervBtion which seemed to confina 
KoOo'a idea that the diaeasc ariscB &om the gaatric juice 
tAiniiug vegetable food into Bugar ; and from that time till the 
present animal diet v/aa consequently considered our aheet 
anchor. 

We now arrive at an entirely new phase in the literature 
oC diabetes, in which the teachings of the sick chamber gave 
place to those of the laboratory. 

In 1818 the phyfiiological world seemed as if struck by a 
thunderbolt when Bernard proclaimed that animals, as well as 
vegetables, had a sugar- creating power. UntD then all the 
saccharine matter met with in the human body, whether in 
health or in disease, was supposed, to originate in the trans- 
formation of vegetable substances. And now, for the first 
time, were we made alive to the startling feet that men, like 
Eugar-caneti, possess 'nithin themselves a saccharine manu' 
factory ; the liver being daily and hourly as actively engaged 
in fabricating sugar as in secreting bUe. 

Like all great discoveries, the rays of this one were not 
limited to its own field of inquiry, but broadly reflected over 
the various departments of scientific Medicine. By it new 
ideaa were awakened, new discoveries made, and even at the 
present hour the impetus it gave to original research ia stUl 
alike perceptible in the laboratory, in the dead-house, and in the 
clinical ward. In connesion with the subject of diabetes 
alone, the following may be reckoned as a few of the more 
important discoveries to which it led : — 

In 1849 licniard discovered that the disease can be arti- 
ficially communicated to animals by pricking the floor of the 
fourth cerebral ventricle. 

In 1853 I discovered that diabetes may bo artificially induced 
in animals by exciting the liver through means of stimulants, 
such as alcohol, directly introduced into the portal circulation. 



An observation which explains the ivell-knonii fact that 
diabetes is a, much more conunon disease in spiiit-dtiiiking 
than other conn tries. 

In 1355 Bernard discoTered tiat the formation of sugar in 
the liver cannot be regarded in the light of a " vital " proceas, 
as it goes on, not only after the death of the animal, but even 
after the removal of the liver from the body. 

In 1856-7, Chauveau and myself gained anothfr piece of 
ground by ascertaining that the sugar normally present in the 
circulation is not burned off in the luuga, as hitherto supposed, 
but disappears from the blood in its transit through the capil- 
laries of the general circulation. The function of the saccha- 
rine matter most probably being to nourish the body. 

In 1857, Bernard made the additional discovery, th;it before 
albuminous substances are converted into sugar, they first 
pass through the transitional stage of glucogene (animal starch) . 

Lastly, in 1 850-60, Briickc and Jones ascertained, by careful 
experiment, that traces of sugar are even to he detected 
in normal urine — an observation which, we shall afterwards 
see, has an important bearing on the pathology of diabetes ; 
for, as I stated in a previous lecture, it may be regarded as a 
fundamental law that in disease neither new substances nor 
new functions are created. Morbid phenomena being merely 
the result of a change in the q^uantity and quality of normally 
existing agents and agencies. 



Although every one knows, or at least imagines he knows, 
a. good deal about the nature and properties of sugar, I shall 
venture to say a few words upon the subject ; for the more 
estensive our knowledge, the easier wiUbc the comprehension 
□f this hitherto -regarded inesplicable disease. And on the 
i the more necessary for me to da so. 
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Beeing that I difTer from my prodecessora and contenqiorarieB 
in belie-ring that there are at least two distinct forms of tlie 
diBease, tequiring diametricElly opposite lines of treatment — 
an opinion which I shall presently show is as muehin accord- 
ance with the teachings of the bedside as of those of the 
laboratory. 

The term "sugar" is applied to a great Tariety of sub- 
stances, the cominon essential character being their sweet 
taste. Chemists have, however, drawn broad distinctions 
between the diilerent forms of saccharine matters, the proper- 
ties of which are exceedingly varied. But for the sake of 
convenience they have been divided into two great classes — a 
first and a second — according to the manner in which they are 
acted upon by acidSi and alkalies. 

To the first class, of which cane sugar is the type, are given 
all those that are easily crystallised, and which when boiled 
with an alkali are not decomposed, but enter into combination 
with it to form a saccharate of the alkali. 

To the second class, of which ffrape sugar is the type, ate 
awarded those which are not easily crystallised, and which 
when boiled with an alkali are transformed into the acids of 
molasses— glucic andnielassic acids. 

When acted upon by acids, on the other hand, an equally 
remarkable feature of distinction is observable in these two 
classes of sugar ; for while sugars of the second class remain 
apparently unaffected, sugars of the first (cane) are rapidly 
transformed into those of the second class (grape). 

These changes are easily illustrated. If, for example, I 
boil a little sugar candy (a sugar of the first class) with potash, 
no apparent change is visible ; whereas, if before boiling it 
with potash I heat the solution of sugar candy in a test tube 
along with a couple of drops of hydrochloric acid, on adding 
the potash, the whole hquid becomes of a dark brown colour 
in consequence of the grape sugar (a sugar of the second 



clasB) which was formed by the actiun of the hydrochloric acid 
upon the cane sugar beiog inetantly decomposed by the potash 
into the acida of molasses [glucic and melassic). 

Just as the regetahle kingdom famiatea us with the two 
great types of sugar, cant and grape, so the animfll kingdom 
yields to us their representatives in the form of milk, andli^er 
sugar ; milk sugar being the analogue of cane, liver sugar of 
grape. For example, the sugar of milk is readily crystallised, 
is unaffected by alkalies, but ea-snytrHnsforraed into liver sugar 
by the action of acids. Liver sugar, on the other hand, is crys- 
tallised with difficulty, unaffected by acids, but rapidly decom- 
posed by alkalies, (a) 

Even the relative distribution of the two classes of sugar in 
the Tegetable and animal kingdom is nearly identical ; for 
just as in the vegetable world the sugars of the second greatly 
preponderate over those of the first class, so in the animal 
economy, while the second class sugar is to b« encountered in 
the blood, the liver, and the urine, that of the first class is 
limited to the mammary secretion alone. 

Testa for Saccharine Urine, — A great rariety have been pro- 
posed, but I shall only enumerate those possessing a real 
practical value. 

lat. Specific Gravity. — Saceliarine urine is generally, though 
not always, of a high specific gravity, averaging from. 1020 to 
1010. The specific gravity may he much higher, or much 
lower, even independently of the amount of sugar it contains. 
For in diabetic urine there ia generally a large excess of urea, 

(a) Bs qombiDing liver sugar with cMoride of sodium (common salt), 
Bflrtlielut and Db Luca bave succeeded in obtaining krgo, calourleu, 
tmasparent crjsfals, tha watory solution at which lormoiitn witli yeflrt, 

aawrtaiaod b; analyala. Is rcpreBimted hy tha accompanying funou]^— 
aCiiHuOii,2HO-f'NBCl The authors conclude thererrum that llTersugaila 
not 0DI7 iixsctlj tha buuo aa that found In dlnbatlo urine, but that it l£ also 
tdenticul with the suattr oitha grape. — Gnnift.-RRitd., vdL xllx., p. 213. 
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wMch. greatly adds to ita specific grayity ; and occasionally, 
on the other hand, the disease is accompanied with aa 
albuniinuria sufficient to reduce the specific gravity even to 
below the normal atandard. The specific gravity itself ia 
therefore no criterion of the amount of sugar contained in 
any given specimen of urine. 

2nd. Potash Test. —To a draehm of urine in a test-tube add 
as equal bulk of a solution of potash of the speci&c gravity of 
1O60. Heat the upper half of the liquid in the fiame of the 
lamp until it boils ; then mark the change. If sugar be 
present, the upper boiled portion of the liquid changes 
colour, and becomes yellow or brown, in proportion to the 
amount of saccharine matter in the liquid. The browning being 
due to the transformation of the sugar into glucic and melassie 
acids. The lower cold half of the Eguid, on the other hand, 
by remaining unaffected screes as a standard of comparison. 

3rd. C pp Test— r dr hm f urme add half a 
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sulphate of copper (SOjCuO) is added lo a solution of caustic 
potash (KaO), tliG sulphuric acid combines with the potash 
to form a soluble sulphate, and tLe oxide of copper separates 
in the form of a gelatinous precipitate, which, however, in 
consequence of the presence of organic matter remaina aua- 
pended in the urine. 

SOjCuO + KaO = SOjKaO + CuO. 



The next stage iu the process is produced by tlie heat 
causing the sugar to osidise itself at the expense of the oxide 
of copper ; whereby the yellow suboxide is thrown down. 



If much sugar be present, and the boiling is continued 
sufficiently long, all the oxygen is withdrawn from, the copper, 
Euid the red metal is precipitated oa the bottom and sides cf 

N.iJ. — Should the urine contain albumen, the albumen must 
be separated by the aid of heat audacetic acid before applying 
the copper test. Otherwise, on adding the sulphate of copper 
to the uiine + the potash, a mauve instead of a blue liquid 
will be obtained; and, on boiling, no reduction of the copper 
will occur unless a large excess of sugar be present, the liquid 
merely changing its tint from a. mauve to a purple, and &om a 
purple to a red colour. 

When the urine contains bile pigment, or is otherRiae Mgh 
coloured, and the sugar is present in small quantity only, it is 
necessary to decolourise the urine before adding the reagents. 
For this purpose, put an ounce Or two of urine into a sis-ounce 
bottle along with a tablespoonful of animal charcoal and a 
small pinch of carbonate of sodo. Shake the mixture well for 
a few niinntes, and then filter. A perfectly colourless liqnid 
will thus be obtained, and greatly facilitate the application of 
both the copper and potaxh teebt. 

A great deal has been said about the fallacies likely to arise 
from the presence of uric acid, cotton fibres, chloroform, etc., 
in theurijie. All I can say is, that during a fifteen years' experi- 
ence I haTe never encountered them. In all cases of doubt, 
however, in addition to the potash and copper, I invariably 
apply the fermentation teat. 

1th. Termentation Test, — The easiest way of applying 
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thOB to urine is to employ an apparatus like that repreaented 

ia the accompanjing woodcut. 

fiP, 24. ■^ If st-tuhe, of about sis inchea 

long and three-quarters of an inch 
in diameter, is tube fitted by means 
of a piece of cork with a piece of or- 
dinary sn:iall glass tubing bent to the 
shape of asTphon in the flame of the 
spirit-lamp. When ready for use, 
the tul>e is filled brimfull of urine, 
to which, a few drops of baker's 
yeasthavebeen added. Thesyphon 
is next fised in the tube by means 
of the well-fitting cork, and the 
fiee end allowed to dip into a glass 
conveniently placed to receive the 

liquid as it is driven out ot the tube by the" carbonic acid 

generated during the process of fermentation. Each equivalent 







of alcohol and four of earhonic 
cubic centimetres of carbonic 
grain of sugar decomposed. 
the apparatus must h« 



of sugar is transformed 
acid gas, so that every i 
acid evolved ia equivalent 

During the fermentatii 
kept in a moderately warn 

When diabetic urine is set aside for a few days it frequently 
ferraents spontaneously, and the liquid becomes filled with 
torulm, or sugar fungi, which can be readily recognised with 
the microscope. They consist, like the common yeast plant, 
of a number of spores strung together in short rows likebeadfl. 
The BpQrules of toruhe are, however, smaller than those of 
yeast, their relative size being represented in Fig. 25. Ia a 
few eases I have seen spores of torulie spontaneously form in 
urine within twenty-four hours after its emission, although, 



as a rule, about thirty-s: 
development. 
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tahjsii. — At one time the quantitative detcr- 
n of Bugar was a long and tedious process, but now by 
adopting the following method I find it both quick and easy. 
Three solutioaB must be retained in readiness ;— 

1st. A standard solution of sulphate of copper, madebydia- 
Bolving 31-63 granimes (636-78 grains) of dry sulphate of 
copper in 1000 c, c. [32-26 ozO of distilled water. 1 e. c. of 
this solution represents O-OOa gramme of diy diabetic sugar. 

2nd. A solution of caustic potash of the specific grayity of 
1060. 

3rd. A saturated solution of the bitartrate of potash. 

The object of keeping these solutions separate, instead of 
combining tbem as is usually done, is in order to avoid the 
danger of the spontaneous reduction of the oxide of copper, 
which invariably takes place sooner or later in all the ordinary 
standard solutions, Having the solutions at hand, place before 
you two porcelain capsules, each containing an ounce of 
distilled water ; to which add 20 c. c. (measured in glass A, 
Pig. 8) of each of the solutions, first adding the copper, then 
the bitartrate, and lastly the caustic potash. Next take the 
measure B, Fig. 4, and pour into it 10 c. c. of urine, and dilute 
with 90 c. c, of water. The misture will thus amount to 
100 c. c. 

The succeeding step is to pat one of the capsules over the 



spirit lamp, and as soon aa its contents begin to boil add, drop 
by drop, the diluted uiLne until tlie blue colour of tlie liquid 
entirely disappears. Then place it aside in order that the 
reduced copper may fall to the bottom, and allow you to judge 
by the depth of colour of the supernatant liquid if much of 
the oiide of copper still remaina to he precipitated "While 
this 19 gouig on, boil the contents of the second capsule 
after adding to it an amount of dilute nrine equal to 
that which was employed in the first experiment, and 
should the supernatjnt liquid in the first capsule turn out 
to be atill blue, add, m addition to the amount already 
used, 6 c c of dilute unne 4.ftcr boihng lor a few 
minutes plate It aside m order that its reduced ( opper may 
fall down and repeat the same thing nilh the other capsule 
until the esact quantity of dilute unne required to reduce the 
20 c. c. of standard copper solution be ascertained. So soon, 
aa that is accomplished, all that is required in order to find 
out the quantity of sugar eliminated by the patient in twenty- 
four hours is to divide the total number of c. c. of urine passed 
by the number of c. c. of dilute urine required to reduce llie 
SO c. c. of copper solution. 

Suppose, for example, the patient passed, aa in case now 
before me, 3720 c c. of urine in twenty-four hours, and 2S 
c. c. of dilute urine were required to reduce the oxide of 
copper, the 3720 diiided by 2G would yive the number of 
grammes of sugar contained in the twenty-four hours' urine. 
3720-!-26 = H3 grammes in the 21 hours' urine. 

Should the urine contain yery little sugar, it is quite un- 
necessary to dilute it; and in that case, the calculation is 
made in the usual way, as for example, for urea. 

Those who have not the means of making a quantitative 
analysis in the way above described may adopt the simpler, 
though less esact, method proposed by Dr. IVilham Roberts. 
The following is the mode of procedure :— 
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1. Four ounces of urine ate placed in a twelve-ounce phial, 
with a lump of German yeast of the size of a small walnut. 

2. Thia is loosely corked, or coTered witli a slip of glass, 
and placed in a warm, place to ferment. 

3. A companion phial filled with, ite same urine— say a 
three-ounce phial — is tightly corked, and placed beside the 
fermenting phial. 

i. In about twenty-two hours, when fermentation ha£ 
ceased, the two phials are removed, and placed in some cooler 
part of the room. 

6, Two hours after — that is, about twenty-four houra from 
the commencement of the experiment — the contents of the 
phials are Beparutely pouted in.to cylindrical glasses, and the 
density uf each observed. 

8. The difference between the two specific grarities ia thua 
ascertained, and every degree of " density lost " indicates one 
grain of sugar per 9uid ounce of the urine. 

Crystals of diabetic augEir may be prepared by simply 
evaporating a few drops of urine to dryness on a glass slide. 
But this is only possible when the urine is very rich in sugar, 
and contains but little urea, and other salts. The most cha- 
racteristic form of crystal is that of the rhomboidal prism 
occasioniilly arranged in arborescent tufts, aa represented in 
the accompanying drawing (Fig. 28), which was kindly made 
for me by Sir. T. H. Loy, one of the gentlemen attending my 
practical class. Such crystals are in general called diabetic 
sugar ; but I believe them to be a combination of sugar and 
chloride of sodium, for except in the presence of chloride of 
sodium diabetic sugar never assumes a so regularly prismatic 
form of crystallisation. Gibb Bays that when diabetic urine 
contains a larger proportion of salts, the sugar crystalliaea in 
little circular masses, with minute crystals priijecting from 
the surface. The masses appear to be made up of an 
aggregation of flat plates of sugar, and, when examined on 
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a dark ground, reseratile lumps of the well-known 'biirlej'- 




powBr. b. Highl; magnified^ 



If ive desire to bo philosophical a3 ivcll as practical, it is 
necessary that we shou'd thoroug-hly understand the origin 
and destruction of the sugar met w-ith in the animal economy. 
I shall, therefore, now proceed to tie coneLderation of the 
phyaiology of diabetea. 

That sugar is a. normal constituent of the human frame is 
easily shown by withdraning an ounce of blood from a healthy 
man in full digestion, and allowing it to fall drop by drop 
into a couple of ounces of boiling water faintly acidulated 
with acetic acid. By so doing all the albuminous matters are 
so firmly coagulated, that on filtration a perfectly colourless 
liquid ia obtained, and On applying to it the copper, potash, 
and fermentation tests, the existence of sugar can be demon- 
strated with facility. Should the patient haye had a mixed 



meal, a great part of the sugar found in tia blood will have 
been directly obtained froni the food. This opinion is opposed 
to the view of Bernard, who on finding that animals have the 
power of making sugar out of albuminous substances, fell 
into the error of supposing tha t all the sitcchaiine matter met 
with in the human body must of necessity be the product of 
the liver. The results of my experiments on animals have 
led me to an entirely opposite conclusion in as far as 
the oranivora and herbivora are concerned. This opinion I 
arrived at from finding abundarce of saccharine matter in the 
blood of the portal vein and chyle of the thoracic duct of a, 
dog, three hours after he liad partaken of a quantity of horse- 
fiesh, to which had been added a couple of ounces of soft 

Even in those cases where the patient has had a nuxed 
diet, without, however, having partaken of any sugar in a 
free state, I still maintain that a great part of the saccharine 
matter met with in the blood is the direct product of the 
food, for the following reason ; — All vegetable foods, such as 
brcud, turnips, cairota, potatoes, etc., contain a large quantity 
of starch, which starch during its passage along the alimen- 
tary canal is all, or nearly all, converted into sugar through 
the agency of the digestive juices, especiailj of the salivaand 
pancreatic fluids. 

The transformation of amylaceous matters into glucose 
during their sojourn in the alimentary canal is not the result 
of accident, but the sequence of an unalterable law, which is 
equally in force in or out of the body, so long as the physical 
conditions necessary for its action are in operation. Thus, if 
an ounce of boiled arrowroot, in a test-tube, be mixed with a 
little saliva, or have added to it half a dozen drops of paa- 
creatic juice, all the starch contained in the arrowroot will 
infallibly be changed into sugar in the course of a few minutes. 
And for this operation the ijiteryention of no other agency 
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than that of a tcmperMurE equal to that of the human body is' 
required. A precisely similar cliange oecura in the ammal 
organism, and the sugar thus fonneil ia abaotbed by the mesen- 
teric veins and lacteala, and of necessity forms part of that 
met with in the circulation. 

As regards camivorB, on the other hand, Bernard's assertion 
IS strictly correct as the result of the following experiment 
will prove The ei:penincnt was most carefully performed 
some Tears ago bj Professor Shorpcy and mj'aelf, with the 
Mtw of ascertaining no only if sugar exists in the blood of 
tarm ora but if sugar is actually present in the blood, of the 
health) inm al at the mjment of its withdrawal from the 

From the femoral artery of a dog fed solely, during four 
dayfe o 1 boiled fle'fh perfictly devoid of sugar, one anda-half 
ounces of blood were allowed t» flow directly into boiling 
water, acidulated tvith acetic acid, and when the clear filtrate 
fram this blood was tested, it gave unmistakable evidence of 
augar, which sugar must have been formed in the animal's 
body, seeing that not a particle of saccharine matter was 
introduced with the food. It is quite unnecessary for me to 
titc another experiment in order to prove that the animal 
organism has s. sugar-creating power, for Nature has herself 
supplied the proofs. Is sugar not a constant ingredient of the 
normal milk of the flesh-eater, as well as of the vegetable 
feeder S Most assuredly it is. If the animal body cannot 
form sugar, from whence does the milk of the carniv ora receive 
its aupply ? For example, where does the sugar found in the 
milk of the polar bear come from if it is not manufactured by 
some organ or other in the animal's own body ! Not only 
does Ihe polar bear live on animal diet, but on the flesh of 
anmnals, such as the walrus and seal, whose chief food is fish, 
which fish, in their turn, are not usually supposed to live upon 
vegetable matter. Aa regards this point, I am even inclined 
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to go a step further than Bemarct, and not only assert that 
the carnivorous animal has the power of forming augur out 
of albumiuous Bubatances, but that eyen iu the case of the 
herbivorous animal the sugar met with in its milk is not 
directly obtained from the digestive canal. This, I think, is 
proven by two facta, 

1st. Milk sugar possesses certain special cliatacters which 
distinguish it &:om all vegetable sngurs. 

2nd. Milk sugar, although abundantly present in milk, has 
not yet been detected in the circulation. The natural conclu- 
sion, therefore, is, that it is formed by the mammary gloni!. 

Consequently, it is perfectly clear that there must be at 
least one organ in the body capable of forming sugar. 

Now camea the question^In what organ of tbe body is 
the sugar formed which is tnet with in the general circulation 
of the eamivora? Answer— Tte lircr. yfhy tbe liver f 
Because, in the case of the carnivora, the blood proceeding 
to the liver is devoid of sugar, while that cuming £com it 
is rich in saccharine matter— richer, indeed, than the blood 
of any other organ of the body. As Bernard may be con- 
sidered i]i the light of an interested party, and I have already 
cited some of my own experiments, I shall now quote three 
from an entirely independent observer — Schmidt, ofDorpat; (a) 
the results of which are as follows : — - 

Poioentsifeof fugariii 

Fortil vein. Htpatlc vein. 

lat ilog (on animal diet) , . 0-00 0'93 

2nil „ „ . . 0-00 0-99 

3rd ,, (fasting during two days) . 0-00 0-61 

These results I liave again and again confirmed, bo that 

there is not the slightest doubt left in my mind regarding their 

validity, and I believe that they furnish us with the key to 

the well-known fact that some diabetic patients, even when 

(u) Comiil. Send., voL ill!., p. 63. 
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totally restricted to aniinal diet, still pass a large iiuantity of 

Huving now ascertained that the healthy blood always con- 
tains sugar, and that when the saccharine matter is not 
obtained from without, the body maiiufacturca it for itself, 
the nest paint is to determine if sugar be absolutely essential 
to life, and what use or uses it is put to in the animal 
organisro. 

We must begin by finding out if the quantity of sugar in 
the blood is always the sani-e, or if it be liable to variation ; 
and to what extent. 

From the results of a scries of eiperiments made many 
years ago, I (.ame to the (ODclusi<^n that the amoiuit of sugar 
present in the arterial blood of healthy animals is subject to 
great fluctuations varMng from an almost inappreciable 
quantity, after long fasting, up to 0-24 per cent, during the 
time of full dif,esuun In the hepatic vein the amount, 
Bernard says mar eien be ua much as 2 per cent. 

The quantity of sugar present in the general circulatioa 
seems to follow a definite law, for it goea on gradually in- 
creasing as digestion advances, and as gradually diminishing 
as we approach the period for the next meal, — the masimum. 
being reached fuur or five hours after food, the minimum 
during fasting. Saccharine matter does not entirely disappear, 
however, irom the circulation till after prolonged fasting, 
Chauveau found as much as 0'05 per cent, in the blood of a 
dog, and 0'09 per cent, in that of a horse kept during three 
entire days nithout food. In these cases, oh the animals were 
of course forced to live on their own tissues, the sugar formed 
by their livers must have beenmade out of some one or other 
of the constituents of the blood. 

The rise and fall in the amount of sugar in the circulation, 
according to the state of the digestion, is clearly the iey to 
another often-observed pathological fact — namely, that in all 



cases of diabetes the aniQimt of sugiir in the urine is subject 
to great fluctuations during the course of the day ; whilu it 
furthermore explains why in some slight cases of diabetes sugar 
is only to be found in the urine a, few hours after a meal. 

Having said that the amount of sugar in the blood lluetuates 
according to the stage of the digestion, it may now be added 
that the amount of Baotharine matter present in the cireula- 
3 the quality and quantity of the 
>s of experiments performed in 186S 
before the Praetieal Physiology Class at University CoUege 
furnish us with the following data ; — 

In the arterial blood of the carotid artery of three dogs, four 
hours after having been exclusirely fed on horse-flesh, an 
average of O'tiS pet cent, of sugar was found, whereas eight 
days subsequently, after these same dngs had been freely sup- 
plied with mixed diet, consisting of bread, meat, and potatoes, 
the avei'age amount of sugar in the arterial clrculaiion four 
hours after feeding rose to 0-22 per cent., — hereby affording a 
physiologitai explanation of the well-known pathological fact 
that purely animal diet diminishes, while A'egetable or mixed 
diet increases, the amount of sacchaiine matter eliminated hy 
the kidneys. 

I must now call attention to the fact tliat, although t^e 
quantity of sugar present in the circulation is constantly fluc- 
tuating, the amount found in the liver remains comparatively 
unaltered. Thus, for esample, Bernard found, about the same 
period after death, an average of 1^ per cent, of sugar in lie 
livers of dogs fed exclusively on njiimal diet, on mised food, 
and on vegetable matter,— a result which, from showing that 
the amount of sugar present in the liver is but slightly in- 
Buenced hy the kijid of food, led him into the erroneous idea 
hat diet has no influence on the amount of saccharine matter 
manufactured by that organ ;— a mistake which has constantly 
brought him into difficulties while attempting to reconcile it 



■with other entirely oppcwed facta, — auch, for example, m the 
effects of diffecent kinds of foods upon diabetic patients. 

The reason why the amount of aacchajiiie matter remaina 
comparatively stationary in the lii-er while it ia constantly 
fluctuating in the circulation arises from the circumstiuice of 
the sugar not being stored up in the hepatic cells, but poured 
into the yeasels as quickly aa it is formed ; therefore the quan- 
tity which the liver at any time contaios cannot be aecepteti 
as a eriterion of the amount, which the organ produces. Had 
Bernard gauged the amount of Haccharine matter present in 
the blood, instead of in the liver, after each particular kind of 
diet, and draivn his conclusions &om the results thereby 
obtained, he coulil not pussilily have fallen into the above- 
Having thus far traced the r^'i'iimle of saccharine urine, we 
have still to advance a step further, and inquire whether animal 
food is directly tranaformed into sugar, or if there ia a tran- 
sition Btage in the process between protein substances on the 
one hand, and saccharine mcttet on the other. In the Case of 
amylaceous foods, we have already seen there ia no connecting 
ink, but that, dnring their passage along the alimentary canal, 
they are at once translbrmcd into sugar by certain of the diges- 
tive juices. "With protein substances, however, the ease ia 
very different ; for, ere they can be changed into saccharine 
matter, they muat first be resolved into something resembling 
starch. 

I am constantly telling mj: students that Nature does nothing 
on a small scale ; and the more we study her the more we are 
forced to admire the uniformity and extensive applicability of 
her laws. In the vegetable and animal kingdonja we not Only 
encounter analogous substances, but we find that they are 
endowed with similar properties, and respectively perfatm 
similar functions. We already saw that while the sugar of 
the cane his its analogue in that of the milk, the sugar of the 
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grape lias its analogue in that of the liycr. I have now to 
point out how even vegetable sUrtk has also its analogue in 
the itnitaal world. 

Although the diflcoyery of a substance in the animal body 
posspseing the propertiea of starch had been long suspected, it 
was not until 18S7 that a large enough q^uantity was separated 
in a. sufficiently pure state to adnLit of its being subjected to 
elementarv' analysis, and thereby allow its striking affirities 
to vegetabfe stiirth to be demonstrated. To Bernard belongs 
the credit of having first obtained this substance from the 
liver in a free state, and shown its direct uonvertihility into 
Bateharine matter, in consequence of whith he appropriately 
gave to it tlie title of glucogene. 

Glucogene has such a striking resemblance to vegetable 
starch that a short description of its appearance and pro- 
perties will not be Out of place. Like ordinary starch it is 
a neutral, white, odourless, ineipid substance ; soluble in 
water, butinaoluble in alcohol and acetic acid. When boiled 
vdih. diluted mineral acids, or treated with either saliva or 
pancreatic juice, it is transformed like other amyloid suh- 
Btances into sugar of the seconii class. That is to say, into 
a sugar possessing the property of reducing the oxide of 
copper, and of being decomposed by caustic potash into 
glucie and melassic acids. Moreover, it is also, like starch, 
transformed by fuming nitric acid into xyloidine, a combus- 
tible snbstanee, which detonates n-ith flame when heated to 
180".— rogg!alc.(a) On the other hand, it differs from 
ordinary starch in giving, with, the tincture of iodine a 
reddish violet, instead of a deep blue ciJour. In which 
respect, therefore, it appears to stand between starch and 
dextrine. 

The easiest mode of extracting glucogene &om the liver is 

to add to a concentrated aqueous decoction of the hepatic 

1^) Bniwa-B&inard's /•mraal, liUS, p. Stt. 
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Bulistance an excess nf glacial acetic acid, which instantly 
precipitates all the glucogene, and leavea the albumen in 
lolution. The precipitate iB then separated by filtration, re- 
disaoWed in water, and again precipitated hy absolute alcoliol ; 
the pToces« being repeated until the substance separates in 
a perfectly pure state. 

While giving credit to Bernard for being the first to estraot 
glucogpnc from the liT^r, I m.uat not omit to yield to Kcnsen hia 
proper meed of praise in having foreshadowed the discovery 
by hia reseajches on the saccharine function of the liver pub- 
lished in I83l),(a) in which he stated that he had found in the 
liver of rabbits a yellow substance transformable into sugar 
by the action of saliva, pancrealic juice, and even portal blood. 

According to Pelouzc, glucc^cne ia composed in 100 
parts of 

Oxygen . . . , 54'1 

Carbon 39'8 

Hydrogen . . . .6-1 

lOO'O 
Glucogene has been detected in the livers of all animals in 
which it has hitherto been sought for, no matter whether they 
were animal or vegetable feeders, and consequently the natoral 
conclusion is that the liver possesses the power of forming it 
out of anim»l as well as vegetable food. But while, in the 
case of camivora, glucogene is only met with in the liver, in 
that of the herbivora it has been encountered in various other 
situations, for example, Poiseuitle et Lefort found in the blood 
of a bull 0-D73 per cent. In the ^hylc 0123 per cent., and in 
the lymph 0-266 per cent.(b) It is even to be met with in the 
muscles. Here is a beantifully pure specimen of glucogene, 
given to me by Professor Scherer, which he obtained from the 
mt^Bcles of the horse. Moreover, the quantity of glucogene 

(a) rcift. JHfrf- Mji. Biieti, WltrBburg, voL vii., part 11, 1858. 

(b) ViKiipla-XtiidM, April 5, 185S, p. Mo. 



in the livers of herbivnra is many titnes greater than that met 
with in those of the carnivora. 

Now comes the qnef^lion, What are the uses of glucogcne 
in the animal eeonomy ? 

We all know that starch, as starch, caiuiot noTiriah the 
body, and from certain facta presently to be related it is highly 
probable that glucogene must, lite ordinary starch, be trans- 
formed into saccharine matter before it can playits part in the 
intricate processes of life. We already know that at least a 
great part of the glucogene formed in the liver is changed into 
sugar before it is permitted to leave that organ. We are also 
acquainted, with another exceedingly interesting and important 
fact, namely, that, he the transforming agency what it may, it 
is quite independent of anyso-catled vital inHuences. The 
transformation of glneogene into sugar appears to follow the 
same unalterable law as tbat already noticed regarding the 
transformation of ordinary starch, for not only does it continue 
in force after the death of the animal, hut even after the 
removal of the liver from Ihe body. All that ia required 
apparently being the sustaining the organ at a ccrtaiu 

This assertion can he easily prored hy taking the liver of a 
healthy animal, and after Lt has been, as far aa possible, com- 
pletely freed from sugar by passing a current of water through 
its vessels, keeping it in a warm apartment for six or eight 
hours. The tissues of the organ will then be found saturated 
with sugar, although only a small quantity could be detected 
immediately after its removal &om the body. 

The results of the following experiment, (a} which was per- 
formed by Professor Sharpey and myself, will give a. tolerable 
idea of the rapidity with which glucogene ia transformed into 
sugar in a liver after its removal from the body ; — 

(BJProTMil.fliFtoftlieRDriilBodBty, N"o. 3a, p. !SP. tancfl, Octobar £0, 

uio.p-saa. 



A. dog vhich had been preTiously fed on onimsl diet Te- 
ceived a full mi>al of brpad and milk. Five hours afterwards 
the animal was pilhed, and a portion of the livec rapidly 
sliced off and immersed in a freezing mistnre. The portion 
of &ozea liver was found to contain only 0'333 per cent, of 
aaccharine matter ; whereas another portion of the same liver, 
which had not been frozen, Eifter haiing stood two hoiu-B was 
found to contain l'S6 per cent. — that ie to say, nearly fivefold 
more ot sugar, which sugar had, of eoTirse, formed at the 
expense of the glucagene after the death of the animal. The 
0'333 per cent, represents, of course, the amount of sugar 
present in the liver at the moment of death— an amount 
which appears insigniScant until it is recollected that during 
life the sugar formed in the liver is removed from it with 
every pulsation of the heart i consequently, the quantity poured 
into the circulation during the twenty -four hours must be very 
considerable, notwithstanilin g that during life only a fractional 
part of a per cent, is present in the organ at any one time. 

I may here mention that it is this circumstance now alluded 
to, of there being but a very small quantity of au^ar in the 
hepatic organ at the moment of death, while a large amount 
is to be found some hours afterwards, which has led Dr. Pavy 
into the error of supposing that the formation of sugar in the 
liver is in all cases due to a post-, instead of an ante-mortem 
cause. Were we to adopt such a mode of reasoning we might 
with equal justice say that no starch is changed into sugar in 
the digestive canal during life, for as its transformation like- 
wise still continues after dea.th, the lon$;er we delay in making 
the analysis the greater is th e amount of sugar there found. 
In fact, under certain circumstances, the duodenum of an 
animal, immediately after de-ath, may contain only a trace of 
sugar, and yet an enormous amount be found in it in about half 
an hourlttter. Thereason of this being, that so long as theanimal 
lived the sugar was absorbed from the intestine by the veins 
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Hnd lacteals as rapidly as it was formed. WhereBS, although 
when it died the absorption process became arrcHtcd, the trans- 
formation of the etarth into sugar hy the pancreatic juice stiJl 
went on. I need not take up any more time by discussing 
this question here ; hut refer those specially interested in the 
subject to thepublished writings of Thudichum(K),Beale(b), and 
myGelf(t). I may only further remark that even supposing 
that not a (roee o/sujor could bedetected in the liyer imme- 
diately after death, it would be no more Bcientific evidence 
that the liver did not manufacture sugar during life, than the 
finding no urine in the kidneys after death would be that the 
normal function of these organs was not to eliminate uiine. A 
few more substantial data than any hitherto brought forward 
are required, ere we can venture to accept of negative results 
in the [ilace of positive facts. 

The next point is, "What becomes of all the saccharine 
matterr" Bernard thought tkat it was burned off in the 
iunga, its chief office being to sustain the aniiaal heat ; but as 
Chauveau and I pointed out, such a doctrine is utterly unten- 
able, seeing til at when the esperinients are properly performed 
there is almost as much sugar to he found in the blond return- 
ing from the lunge as in that going to them. Thus, for 
example, in a fasting animal I found that while the blood of 
right side of the heart contained. 0. 1 per cent, of saccharine 
matter, that of the left contained very little less— namely, 
0.085 per cent.(d) In another enperiment, performed upon a 
cat, the blood of the right side of ihe heart contained 0.18 
per cent, of sugar, and that &om the left an exactly similar 
amount ; and in order to be certain that no mistake had heen 
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made in tho detBrmiiiatton of the sugai by tlie Tolumptcic 
procesB, I carefully collected the reduced oxide of copper, 
dried, and weighed it. The amount of precipitate from both 
bloods was identical. 

When one takes into couslderatian the nature of the lunga, 
he cannot be surprised at tlicae results ; for the InogB are not 
labaratoriea, like the stomach, but merely an aggregation of 
little sacs whose function is purely phyaica.!— at least, in bo 
feu' as respiration is concerned. The only "vital" offices they 
parform are simply those required for their own dcTelopment 
and preservation. The absarption of oxygen and exhalation 
of carbonic acid would perhaps go on just in the same way 
if a piece of goldbeater's akin supplied the place of the air 
vesicles i for the blood arriving there for the purpose of arte- 
tialisatioti never leaves tlie CBpillories tu become in any way 
incorporated with their tissue. 

Does the saccharine matter disappear, then, in the capiUa- 
riea of the general circulation? It would appear so, for both 
Chauveau and myself have proved, by carefully executed 
ejtperimentB, that less sugEir is to be found in the veins return- 
iog from a limb than exists in the arteries going to it. Thusi 
in the blood from the femoral artery of a middle-ained dog in 
full digestion I found 0.24 per cent., while that of the corre- 
sponding vein contained only 0.1 6 percent, of saccharine matter. 
From its thus disappearing in the capillaries, one is naturally 
led to believe that it plays a part in the nutritive process. 
We know, indeed, that while bees have the power of trang- 
forming sugar into wax, man and other animals change it into 
adipose tissue. The negroes are said to become fat and lary 
during the sugar harvest from sucking the fresh canes, and 
longbeforethadaysof Bantingismall Medical men were aware 
that babies fatten on sugar quicker than anything else. In 
1856, while investigating tlie uses of sug.ir in the animal 
economy,! gave cats and dogs large quantities of sugar-candy 



along with their other fooil, and I invariably faund that, 
although they all eeeraed to like the mixture and become fat 
and sleek upon it, a period al length arrived when they notably 
ceased not only to gain weiglit, but bIso to relish the food. In 
fact, at length, some of them would rather starve than touch 
meat mised with augnr. It must be remembered, however, 
that I was giving them enormous doses — from two ouncea to 
a quarter of a pound daily. When the sugar was given in 
moderation no such effects were observed. 

The last point connected with the physiology of the gluco- 
genic function which it is essential for us, as Practitioners, to 
understand, is the origin of the nerve-force which calls it into 
play. Bernard has shown that by dividing the pneumogaatric 
nerves in the neck, the secretion of sugar ia at once arrested, 
and that the application of galvanism to the upper ends of the 
divided nerves not only re- establishes the secretion, but, if the 
eurrent be continued sufficiently long, augments it beyond the 
normal amount, BO that animals thus operated upon not unfre- 
quently become diabetic. On the other hand, the application 
of galvanism to the lower ends of the divided nerves is not 
found to be followed by any such result. These experiments 
clearly indicate that the nerve-foree which excites the liver to 
secrete saccharine matter does not travel finm the brain, 
through the pneumogastric nerves to the liver, but rather that 
the stimulus proceeiis along these nerves to the brain, and is 
from thence retransmitted to the hepatic organ through some 
other nerve-chain. 

The data yielded by otherexperiments, which it is at present 
unnecessary to recapitulate, induced Bernard to believe that 
in the healthy animal the reSex action which incites the glu- , 
cogenie function originates in the stimulus given by the 
respited air to the pulmonary branches of the pneumogaatric 
nerves, and that this stimulus is reHected from the brain 
along the spinal cord and splanchnic nerves to the liver. 



The point of departure of the normal nerve force which 
cbIU into play the glucagenit function of the Uver may, at the 
first glance, appear a matter of little moment ; but when we 
consider that the secretions of organs increase in proportion to 
the amount of etimulua Bpplied to their ncrvea, and that an 
exeeBS of secretion, which not unfrequenlly conetitutea disease, 
arises in many cases simply from an exaggeration of the normal 
stimulus, we shall at once acknowledge the importance of 
thoroughly understanding the physiological, before attempting 
to remedy the pathological condition of an organ. When an 
answer has been given to the query, " Where is the sugar 
secreted?" the question next in importance to the Physician, 
is most assuredly, " lly what means is the secretion excited 1 " 
A satisfactory answer to the latter qticstlnn may not impro- 
bably furnish a guide to the successful treatment of ahitherto 
considered incomprehensible' diseiise. 

There is no diificully in accounting for the liver being 
excited to secrete sugar when an irritation is applied to the 
pulmonary branches of the pneumogastric nerve; but we are not 
necessarily forced, to believe that they are the branches which, 
normally call into action this peculiar fimction of the o^an 
referred to. Indeed, if such be in reality the case, how does 
it happen that while the i-espiration, and consequently the 
Blimulus, eojitiiiue at about the same rate during the entire 
day, the secretion, which is snid to be the result of the stimulus, 
varies at different times? At one hour it is known to be 
exceedingly active; at another, somewhat later, almost dor- 
mant. Such a result has no parallel in any other organ of the 
body. A certain amount of stimulus, c<eieria paribug, in- 
variably calls forth a simila.r and definite amount of action; 
and upon what grounds are we warranted in considering the 
function of the liver an exception to the general rule ! I need 
scarcely detain you at present with further arguments against 
what appears to me an nntenable hypothesis, as I believe the 
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results of the subjoined experiioents clearly indicate, that if the 
pueumogastric is the nerve which carries the stimulus to the 
hrftin, to be from thence tranami tted by the spinal cord and 
splanchnic neryes Ic tlie lirer, the point of departure of the 
stimulus ie most probably in the llrer itself, and that the cause 
of the reHex action may originate in the stimulating eifect of 
the portal blood upon the hepatic branches of the pneumo- 
gastric nerve. If, for example, the stimulating effect of the 
blood of the portal Tein be imitated as much as possible by 
injecting into that vessel substances, such as alcohol, ether, 
chloroform, methylated spirit, or ammonia, the liver is excited 
to secrete an excess of sugar, and the animal operated uponis 
for a time rendered diabetic, (a) 

The conclusion to which Che results of the experiments led 
me was, that stimulants produce diabetes by exciting the 
hepKtic branches of the pneumngastric to transmit an impres- 
sion to the nervous centre, to be from these leilected to the 
liver, and thereby cause the increased secretion of saccharine 
matter; and if this explanation be the correct one, it is very 
probable that the normal secretion of sugar is caused by the 
stimulating effect of the nutritive materials in the portal blood. 
The folloHing facts materially strengthen this view ;— During 
the time of digestion the blood of the vena porta; must, of 
necessity, prove most slimulating, as it is then loaded with 
nutritive materials ; and this happens to he exactly the period 
at which the greatest quantity of sugar is formed. On the 
other hand, the blood of the portal vein of a fasting animal 
contains very little nutritive material ; consequently during 
this period the quantity of sugar ought to be lessened, and 
this, ill fact, is exactly what occurs ; for, in a fasting animal, 
sugar has invariably been found to be at its 
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The important bearing of these pbyEtological dam 'will be 
mare fully Bpprrciatcd when we ate toiiBidering the pBthology 
of (iiubetCB; for, sa will be preHCQtly aeen, they fiimiBh ns 
with a key to the rational treatment of some of the forauB of 
Baccharine urine. 

ritlkalos'j. 

"Vt'e now come to what, at least aa far as we, ae practicBl 
Phyeiciiina ate coneenied, maybe considered the most import- 
ant part of our fiubjeut, namely, its patJiology. Diahetes 
happening, however, to be one of thoae intiieale diaeaaea 
leaving behind it no charaeleristLo anatomieal leaion by which 
a clue to its seat ean be obtained, it ia not in the dead house, 
hut in the clinical ward and physiological laboratory that the 
nature and treatment of the affection are most successfully 
studied. What hoa now to be said of its pathology and treat- 
ment will, therefore, be found greatly sinipliHed by the know- 
ledge we have altuady obtained of its physiology. In fact, we 
shall Eoon llnd that the prebeuee of sugar in the urine, like 
the discolouration of the skin in jaundice, ia not of itself the 
diaease, but merely the most prominent sign of several widely- 
differing abnormal conditioiia, the correct appreciation and 
underBtanding of which entirely depend on oui acquaintance 
with its phyaiology. 

Diabetes has, for example, been found to follow npon — 

Injury to the head, with or without fraotute of skull. 

Clot in the pons varolii. 

Softening of the base of the brain. 

Abscess of the cerebellum extending into the fourth ventricle. 

Tumoni (the size of anut) in the left lobe of the cerebellum. 

Diseaae of the sympathetic nerve. 
• Tumour of the pneumogae trie nerve. 

Deposit of bony spicula; in the falx. 
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Excessive brain work. 

Intense grief. 

Sudden mental ohock. 

Blow on the epigoatrium. 

Pregnancy. 

Uterine diaeaao. 

DiBordeced digestion. 

Ejipoaure to told, etc. 

Even in some instances diabetes seems traceable to here- 
ditary constitutional peculiarity, for not only is it occasionally 
met with in more than one member of the name family, but it 
has even been found present in parent and child to the third 
generation. Thus we find it related (a) that Dr. Mosler had a 
patient whose father, mother, and two sisters died of diabetes, 
BJid that nithin three weeks after the woman came to the 
Hospital, her son, aged IS, also presented Mmaelf, sufik'ing 
from the same disease. 

Seeing, then, that diabetes springs &om a multitude of 
causes and that the symptom of saccharine urine is not itielf 
the di ease hut merely the most prominent sign of the hidden 
omp m we can easUy understand how a variety of morbid 
a tions qui e distinct from ea«h other, and perhaps of a 
dia netr a yDppositechBracter.raayproduEeit. Forexarople, 
f he norma s imulus of the liver be exaggerated, an abnormal 
ai oun of sugar will be secreted, and if the quantity formed 
be greater than the amount requisite to supply the wants of 
the system, the excess, which then acts towards the organism 
as a. foreign body, will be eliminated along with the urine, and 
the disease diabetes meliltus eatahliiihed. On the other hand, 
the case may be reversed, and there may still exist hu abnormal 
amount of sugar in the blood to be eliminated with the urine, 
□otwitlifltanding that only the proper amount has been secreted 
by the liver. This, of course, must of oeceasity happen when 
(a) 3nl. 3ird. Jouni., Dec. SI, IBM. 
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from any cause the process of asaimilation has been interfered 
witli, and the body faila to consume its nonnal quantum of 
saccharine material. 

Hence, it is evident that we may have two perfectly distinct 
forma of the eiirae disease, one of which might he named 
Diabetes from excessive formation ; the other, Diabete) front 
defective assimilation (mal-nutrition). 

I shall presently have occasion to show that this theory ia 
equally supported by clinical observation as by the results of 
BcientlSc incjuiry. It will be found, too, that it fumiahca UH 
with a logical explanation to the fact which is so familiar to 
all who have had much experiente with diabetic cases^ — 
namely, that while one man improves and gains both weight 
and strength on animal diet, another on the some legimea 
loses both ilesh and energy, notwithstanding a diminution, 
perhaps, taking place in the amount of sugar excreted. 

Pioiry's idea of curing diabetes hy giving, instead of with- 
holding, saccharine matter may after all turn out to hare more 
reasou in it than at first sight appears. Like the animal diet 
system, however, it will be found only applicable to a certain 
clasfl of eases. The great point for us, then, is to be able to 
discriminate hetwcen the two forms of morbid action, in order 
that our plan of treatment may be the One best adapted for 
the particular case. 

How can this be done ! Fortunately, the two forms of 
diabetes have certain peculiarities connected with their history 
which enables us in most cases to distinguish the one from the 

In those resulting from excessive formation the patient is not 
necessarily emaciated and weak. He may, on the contrary, 
look hoth fat and ruddy — appearing, in fact, to be in the very 
hloom of health. This is especially true in slight cases, as 
well as iu the early stage of even those which run on to a fatal 
111 this class of patients it is not until the 
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disease hi£ made considerable inroads uu the constitution that 
tliere is an7 marked emaciation 

la the second class ot cases, on the other hand, nanieh 
those resulting (roni rlefecliie asaimilalioii, emacialioa is one 
of the earliest and must prominent symptoma, the luas ot 
flesh being often rery marked betore the nature of the dxseaoe 
IB detBLt«d. Exactly the reverse of « hat frequently occurs m 
the Iir9t clasa, in which the patient occasionally receives the 
first ivaming of the affection from the accidental detection of 
sugar in his urine. 

An inordinate thirst and evceaaiie elimination of urine is 
in all (ises an mdication that the disease is already in its 
second stage, the hrst stage being indicated, in those srising 
from eiccsaiie formaiiim, by saccharine urine alone, and in 
those iiom dejeeliee assimilation by succhEirine urine coupled 
tv ith loas ot tiesh 

At one time, when a patient was said to have diabetes, it 
was considered tantrunount to saying his davs were numbered. 
As our knowledge has increised, however, we hare learned 
that although it is but seldom possible for us to eradicate the 
disease, we can, nevertheless, so mitigate its effects as not only 
to prolong the life of the individual, but to render it a toler- 
able, if not even an agreeable ono. Proutused to declare that 
diabetic patients are for ever standing on the brink of a pre- 
cipice, for they are inconstant danger of succumbing from the 
indirect as well as the direct effects of the disease, in conse- 
quence of there being in them an absence of that vital stamina 
which enables healthy persons to resist the inroads of disease. 
This is, no doubt, true, for the mal-nutrition which diabetes 
induces renders the constitution prone to take on low inflam- 
matory actions, which, if set up in a healthy individual, 
would produce but a temporary illness, but when engendered 
in the diabetic, rapidly run on to a fatal termination. But, as 
forewarned is forearmed, this need not distress, but only make 
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ua the more carpful at once to remedy nny trifling deTiationi 
from the normal stundard, which, in the healthy, might be 
allowed to pass unheeded. 

Having only eppcified two forma of diabetw— lat, That hj 
eicessire formatwii ; 2ndly, That by dimiiiithed asaimilatim 
— it may naturally be asked how this stntemetit can be recon- 
ciled willi the one preriausly made regurding Ihe multitude 
of causes inducing the disease ? Easily enough, aa we shall 



Xerce Leivm and Diteaie a> a Cause ofDinbeles, 
It is generally admitted that the various secreting organs of 
the ttuiinul liody are stimulated to perTorm their different 
functions by direct and reftex nerve-action, and the liver proves 
to be no exception to this law. If the pneumogaatric nerves 
he divided in the neck, the glucogenic function of the hepatic 
organ is arrested, and when galvanism is applied to the upper 
(but not to the lower) ends of the divided nerves the saccha- 
rine secretion is re-established. Moreover, it has been ascer- 
tuiiied that this leflex nerve-force, which travels by the 
pnoumogastric nerves to the brain, is from thence reflected 
along the spinal cord, splanchiuo nerves, and solar plexus, to 
the liver, (licrnatd.) It has been further ascertained that it 
is not at all essential that the galvanism be applied to the 
cervical portion of the pneumogastric in order to re- excite the 
saccharine accretiun, for, according to another well-known 
physiological law, irritation produced at any point of a reflex 
nerre circuit is invariably followed by the same phenomena. 

Aa what I am now attempling to explain is the keystone to 
the comprehension of the pathology of diabetes by nerve 
influence, it is absolutely essential that my meaning should be 
clearly understood. I must, therefore, solicit your atteation 
for a moment to the following experiment ; — 

Let the hind legs of a frog be prepared in, the manner repre- 
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aented in tie accompanying woodcut, every attachment being 
seTeted except that of the sciatic nerves with the spinal cord. 
Besides this, let the motor toots be divided on the right side 
(Fig, 27, a-b), and the sensory roolfl on the left (c-d), so as to 
Fig. 27. 




leave only one complete nerrc-chain. The application of a 
slight galrotiic current to the toes of the tight limb will then 
be instantly followed by contrBctions in the musclea of the 
left, showing that the nerve stimulus is transported through 
the sensory nerve of the right limb to llie spinal cord, and 
tedected from Uicnce, through the motor nerve, to the muscles 
of the left extremity. In order to produce this muscular 
movement, however, it ia not at all necessary tha 
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the galvaniBin be applied at th.e extremity of the sensory 
nerve ; for irritntion produced in nny part of iU conrae 
(j, for ejtample), at ite root (e), or even in the opposite nerra 
chain (/i), will still be followed by the same muBculai contrac- 
tions. Now, it HO happens, with regard to the glucogenic 
function of the liver, lliat the pneumogastric is the analogue 
of the sensory, and tlic spinal cord nnd splanchnic of the 
motory nervca of the frog's limb ; so that on irrilation applied 
to any part of the pneumogastric nerves, apinal curd, or 
sympathetic reflex glucogenic circuit, is aa effectually followed 
by a aecrction of sugar as the application of galvamf-m to the 
sciatic nervca of the frog's limb is followed by muscular con- 
traction. Moreover, the irritatioTi, galvanic or other, has only 
to be applied to the glucogenic circuit suificiently long or 
Hufficiently powerfully in order to induce saccharine urine. 
Hence it is within the power of the phyfiiologist to render 
animiila artiticially diabetic hy a variety of experimental 
procedures implicating the various parts included in the 
reflex nerve-chain above indica.ted. Thus diabetes can be 
artificially established by applying the irrilation ta the 
extremities of the pneumogastric in the liver ; as when 
stimulants are injected into the portal vein (the author), 
or by irritating tlie pulmonary britnches distributed in the 
lungs, as where chloroform is inhaled [RejTioso), or by apply- 
ing galvanism to the cervical portion of the uerrefi, or bv 
irritating their roots, as when injury is applied to the floor of 
the fourth ventricle (Bernard), or by acting on the downward 
chain, as, for example, when the splanchnics are divided. 
(Graffe.) In fact, I might go on to prove experimentally 
that the ratianole of saccharine urine, by reflex nerve action, 
is as comprehensible as the rationale ot the muscular contrac- 
tion in the frog's limb. Nay more, just as we may have 
miiai:ulur contraction following upon the iailirecl applicatioa 
of a stimulus to the nerves in the frog's limb, so we may hftve 



saccharine urine following upon the indirect application of 
the stimulua to the glucogenic circuit. Foiexample, diabetes 
may be induced by a blow on the epigafltrium, or from an 
injury to the head, aa in the case which I already cited in a 
previauB lecture. The patient at the time he was admitted 
into University College Hospital under the care of my col- 
league, Professor Erichsen, was suffering from paralysis 
consequent upon injury to the head received in falling from a 
scaffold. It may be mentionsd that it was in consequence of 
the man having fallen upon the occipital region that I sug- 
gested the possibility of his being diabetic, and had the urine 
tested. In this case sugar was found the Tery first time the 
mine was eiammed, so that it is impossible to say when it 
first became sacth'inne ; no eooner was the sugar detected, 
however than the nurse was ordered So coUett daily all the 
urine loided during the twenty-four hours, and transmit it 
to the laboratory for quantitative analysis. 

The anihoes ivere made by my former pupil, Dr. Pringle, 
and the following ia a table of the results :■ — 
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recovered, it as gradually steadily diminisbed, until at length 
it entirely disappeared. 

This was prognosed when I first oaw the case For the 



condition of the man. as for as hia diabetes was concerned, was 
exactly BimUar to the state of rabbits rendered artificially 
diabetic by puncture of the fourth Tentricle, and we all know 
that at lirst the amount of sugar gradually augments until the 
injury in the cerebral substance begins to heal, and then the 
diabetes as gradually disappears. 

Some may Bay, we had no proof beyond thi> exisCsiee of 
saccharine urine that injury had occurred to, or in the neigh- 
bourhood of the fourth Tentricle. This is Tery true, but I 
think the reasonijig from !Uialogy justifies the diagnosis. How- 
ever, as some may be sceptical on this point, I shall now cite 
a case where the diagnosis may be said lo bare been yerified 



Oii NoTcmber 13, 1859, a man was brought to University 
College Ilospitol in a state of insensibility, with slow, eter- 
torous respiration, a weak pulse, and contracted pupils. As 
the patient died without ever regaining consciousness, the only 
history of the case that could be obtained was that he was 
seen suddenly to fall down in the street, and when picked up 
was in a state of cumplete insens-ibility. At the autopsy, the 
only lesion found was a clot encircling the medulla oblongata 
and extending upwards into the pons Varolii, its sitaatioa 
being apparently such as to have caused considerable preaaure 
on the fourth yentricle and roots of the pneumogastiic nerves, 
The presence of sugar in the urine was sought for. and in this 
case was demonstrated without the least difficulty. Although 
no quantitative analysis was made, there can be no doubt that 
the sugar was abundant, as the urine became quite brown ott 
being boiled with potash, and freely reduced the oxide of 
copper. The flow of mine must have been also copious, as 
the bladder was found greatly distended by it after death. 
The substance of the liver contained a large amount of sugar. 
and even the brain itself was impregnated with the saccharine 
matter, for an ai^ueous decoction yielded all the reactions in a 



vpry decided muTicier. Now, unless we are to suppose tint 
this patient had been previously suffering from diabetes, of 
which his body presented non@ of the external signs, one is 
led to the c inclusion that the aaccharine urine was the direct 
result of the pressure of the clot on the fourth ventricle. 

Another case of diabetes from external injurj'to the head may 
be m d, as it, like the one already cited, affords an 

s p spontaneous cure. The urine of a woman, nnder 

h Dr. Todd, who had hemiplegia and rigidity of 

h gh de, in conaequenc* of falling down stairs upon 
h. d hen examined on the SOth day after the injury 

as u d be of aspecific gravity of 1U21, and to contain a 
small quantity of sugar, which gradually disappeared as the 
patient got well. 

Several years ago. Dr. Goolden had a case of a similar kind 
'n a railway stoker who wus struck on the occiput by the 
h dl d remained diabetic during hisilhies3.[a) 

m n es give rise to a diabetes of a still more 

p m har as the following case will ahuw. Dr 

Kam th m Am well-street, informs me that when on a 

M dl fr nd in Kent a year or two ago, he found 
hin jn ur health, with the exception of feeling 

ti m hir d nifering from great languor. Suspecting 

dl h rai d the urine, and found it to be above the 

g m q an fa specific gravity of 1044, and loaded 

w ar Th g leman had never suspected that he was 

dl b 19 h re impossible to say how long this state 

m ters h d d. The important part in the history 

th th four or five years previously he had 

b fr m horse, and in some way or other got his 

h d b b rwards, and for a length of time after- 

wards he could not turn it to either side without great pain ; 
at the some time both the senses of smelling and hearing were 
(n) itcdital Tiiiua and Qintttl, M^ 19, IS^iS. 
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blunted. The last report Dr. Ramsbotham had of the caae 
was tlint " the dinLetic symptums -Keie ameliorated, or at any 
rale, had ceased to be a source of snnojance." 

While calling attention to these cases of diabetes, the result 
of cerebral lesion and diafase, I must not omit to mention that 
an inordinate flow of urine may follow upon, concuaaion of the 
brain without being associated with the presence of sugar. 
An interesting cose of this kind was observed in M. Moutard, 
Martin's wards, in wliich, after a concussion of the brain, fol- 
lowed by hemiplegia, the patient suMered from extraordinary 
polydipiiia. Under the influence of a seton, the cerebral 
symptoms amended and thepolydipsta entirely disappeared, (a) 

As caaiia of polydipsia are not common, and some authors 
have even entirely doubted their esjatence, I may mention aa 
interesting case related by Dr. "Watson; — A hoy, aged 11 
yearB, who was very thin, but not unhealthy looking, was 
troubled with thirst and frequent micturition, passing daily 
nine or ten pints (180 to 200 ounces) of pale dilute urine, 
of a specific gravity of IP02 — sometimes, indeed, scarcely 
heavier than diatilled water. Every remedy was tried, but 
he left the Hospital no better than when he entered it. Evea 
when his drii^ was limited to a pint and a- half, he still passed 
ten and a-half pints of urine, (b) 

In a case of my own, a man, aged 57, passed, on an average, 
eight pints (4360 c.e.) of urine of a specilic gravity of 1010 in 
twenty-four hours, the daily average of urea being 70 grammes 
(1086 grains). Notwithstanding that the patient passed so 
much urine, he only drank about half that quantity of liquid, 
and, strange to say, although he had an exceedingly dry skin, 
he never complained of thirst. The polydipsia had lasted 
three years, and during that time he lost forty-two pounds 
in weight. No sugar was ever detected in hia urine. 
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Cerebral diaeaae— not consequent on injury — may also be 
productive of sact'harine urine. Thus, for esQmple, epilepsy 
is occaaionally accompanied by diabetes. 

In a case of this kind wliich occurred in the Hospital for 
the Epileptic and Paralylie, -under the care of Dr. Brorni- 
S6qu!ird| the pons Varolii and calamus acriptorius of the 
ftiurtii ventricle w-ere found ai9eased.(a) The man, aged 53, 
whose urine was of a speclGc grarityof 1037, and "contained 
a good deal of sugar," had increased sexual desire before 

A eliort time eince I examined the urine in a case of Dr. 
Hughlinga Jackson's, in which, with disease in the near neigh- 
bourhood of the apex of the calamus scriptorius, there was 
for aeveral months sugar in the urine. 

M. I.uys related to the Paris Anatomical Society a ease of 
diabetes which, lasted over three or four years. At the autopsy 
the a tenor wail of the fourth yentricle was found highly 
vascular and its consistence notably diminished, very alight 
scraping bringing off a gelatin.ous pulp of a brownish yellow 
colo IT the \entriclo exhibited the colour very remarkably at 
certain spots The lesion consisted in the molecular destruc- 
tion of the h stological elements, and their d-lbris, loaded with 
yellowish granulations, gave riae to this peculiar colour. This 
leaion may be regarded as exactly corresponding to the trau- 
matic one produced by the experimental physiologist which 
leads to an exaggeration of the glucogenic function of the 
liver and the consequent passage of sugar into the urine, (b) 

In other eases of cerebral disease diabetes also occurs. 
Thus, Laudet{c) mentions the following four cases in which 
he observed it. The first is ibax. of a woman, aged 32, who 
while pregnant was affected with the loss of vision of the left 

(a) Lockhart Clu-ke in BEole'e Archiv,, lol iv,, p. MO. 

(b) Bitliun de la Hoc AmIdbi,, vol. v., p, 21U. 
(cj Acad, des Sciences, Uan-h 3, 1857. 



eye, without paralvsia. She at the same time eoffered &om 
■vomiting and headathes, and on -one occasion had symptoinB 
of uomi accompanied by paralysis of the third and fifth part 
of cerebral nervca. These symptoms were accompanied with 
great thinit and the other sigtis of diabetes meUitus. Under 
the administration of iodide of potassium the paralysis and 
diabetes dlminiEhed- 

The second was that of a womam, aged 63, suffering from 
hemiplegia and epilepsy, suppoaed to haye originated in 
apoplexy. Two years laterdiabelcs appeared, anditione year 
more also albuminuria. 

The third was that of a woman, aged 80, suffering from 
hemiplegia of the left side. In eight months' time she had 
great tliirst consequent upon an attack of diabetes. This ■was 
followed by gangrene of the right foot, from, which she died. 

The fourth ■n'as that of another ■woman, aged 39, ■who in the 
sixth month of gestation became paralysed, with convulsions. 
Gradually these disappeared, and only slight swimming in the 
head remained. Six years afterwards she was found to be 
diabetic. This patient ultimately died of small-pox. (a) 

Ovct-mcntal exertion I have put among the causes of sac- 
charine urine. An interesting example of this kind has 
recently fallen under my notice in the ease of one of out 
students. During three weeks of mental excitement, sugar 
was daily detected in his urine. After a fortnight's rest, it 
entirely disappeared, but recurred a few days after the resump- 
tion of the mental labour, again to disappear almost as soon as 
the labour was discontinued. I have seen again and again 
mental labour increase the sugar in diabetic patients. In the 
case of a clergyman, to which I shall subsequently hare occa- 
sion to refer, on several occasions, I found the daily amount of 
sugar double itself when he was preparing for his College 

(a) Oaallr Mcdiialf, SlBrot H, 1857. ForsomeotlicrcaseBreBidtmefrom 
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examinations, and again gradually return to the usual ayerage 
fllmoBt as soon as they were passed, wthout either medicine 
or diet being altered. 

Irritation of the pneumogastnc or of tlie s)-nipatlietie nKr\ea 
may give rise to diihetea 

Mr. Nj-man relates the case of a Professional gentleman 
who had Ions suff red from diabetes mellitus. " After we 
had examined he eais the above-named organs (chest, 
abdomen, and br'iin) we cotamenoed the diaaection of the 
nervi vagi. On the left nothing abnormal could be found, but 
on examining the right, we met in the thorax immediately 
behind the bifurcation of the bronchii a calculous mass 
(tumour) the sine of a hazel-nut, under the entire trunk of the 
nerve, ajid appeared to have e lereised considerable pressure 
upon it." He adds that it is the third time that he has met 
with this morbid condition in persona who have died from 
diabetes. The urine of this patient contained G or 7 pet cent, 
of sugar, (a) 

One case is also recorded in which disease of the aympa- 
thelie caused diabetes. In a report of the cases occurring in 
the Royal Infirmary, Edinburgh, under the care of Dr. Duncan, 
it ifl noticed that in one case of diabetes there was found, 
after death, to bean hj'pertrophy of the lumbar ejTnpathetic.{b) 

Saccharine urine may also arise m the result of indirect 
nerre irritation ; thus it is met with in tumours of the abdo- 
minal organs and in pregnancy, in whieh caaea the only way 
to account fur it appears to he by the irritation caused by 
pressure or otherwise of the abdominal sympathetic, perhaps 
the ca:liac plexus or aome of its branches. 

For further informstion regardnig the effects of nerve leaiona 
and irritation in the production of diabetes, reference must be 
made to the physiological yiews previously expressed. 



■fl'e now come to the conBideration of 

DUarden of tlie Digcslice Function <u a Cause of Diabetes. 
And, lirst af all, ire must nolice those coses which arise 
apparently from the use of stimulanta. It is a well- known, fact 
that cases of diabetes are much more common in Great Britain 
than on the Continent, and I, like many others, attribute this to 
the fact of a much greater quantity of alcohoUc drinks being 
used among us than anjong other European nations. A few 
years ago (August, 1861), while on a visit to Munich, in the 
course of converaation. Dr. Pfciifei, the Professor of Clinical 
Medicine, told me that he had onlvhad one case of diabetes in 
the Hospital during the whole six yeaiahehad been in Munich; 
whereas, while Professor in Ileidelherg, although the Ilospital 
was much smaller, he had on an average four or five diabetic 
cases in the course of each year. Now, the only way to 
account for this difference was that the Munich Hospital 
draws its supply jrom a beer (Bavarian) drinking district, 
while the Heidelberg Hospital obtains its supply irom the 
■BTne-drinking districts of the Rhine, etc. And, curious 
enough, it turned out that even the single case of diabetes 
Pfeiil'er had in Munich, he added, came from the Palatinate. 

There can be no difficulty in esplaining this action of 
stimulants, for, as said in the physiological part of the lecture, 
diabetes tan be artificially induced in healthy animals by 
injecting small quantities of alcohol, ether, chloroform, or 
even ammonia, into the portal circulation. 

For example, I injected 10 cubic centimetres of aulphurio 
ether diluted with 30 cubic centimetres of water into one of 
the branches of the portal vein(a) of a full-grown Newfound- 
la) Tbe cTfperinieiit ih XKry eor^ity perfDnned by using a uharp-polntod 
ajrlngo, «hidi can be iiuulied with (kdlitr through tiie eoata gf one of 
tiie latga mefienteric veins. Caro must be tiken not to employ too muah 
Liu poluC tbut It poseessea tba 
diabetes. If too large a quantity be iiuB<sted, 
in iucr^ase tha ^luoo^^lo fuucticm. 
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land dog half an hour after he had been fed. 'mien he rose 
up after the operation, he appeared intoxicated, and staggered 
a little as he moved about. This effect, hairever, soon disap- 
peared, and in a few hours the animal looked as if nothing 
had heen done to him. In two hours after the injettion was 
made, I passed a oatheter into his bladder ; but did not obtain 
sufficient urine to enable me to eatisfy myself whether it con- 
tained sugar. Some hours afterwards, when I had obtained 
enough urine, I found that it readily reduced the copper in 
Barreswil's liquid, thus indicating the presence of sacebarine 
matter. To assure myself that tbis effect was not due to the 
preaence of any other aubstance, I boiled the urine in order 
to coagulate the albumen, of n-hich it contained a little, then 
evaporated it almost to diynea^, dissolred the residue in boil- 
ing alcohol, and filtered. The filtered liquid waa nest evapo- 
rated to drive off the alcohol, and ati aqueous solution made. 
On testing th 1 f uga n h h dph of eopper 

solution, its p eaen e waa 1 a ly md d Al hough hy 
this method Ih is n fa hinn n- as rendered 

almost undeniabl I ti wish d mm self of its 

presence by m h m an 11 urm whi h the dog 
pasiicd the n day ^as 1 f f n d and carbonic 
acid gas and a tr f al h. was b m d thus placing 

beyond a doub he xis n of ugar 

The follow mg a. h w h amro ahia h same power 
as ether in causing the liver to secrete an abnormal amount of 
saccharine matter : — 

Into the portal vein of a good liized dog in full digestion, I 
injected fifteen drops of liquor ammoniic diluted «ith forty 
cubic centimetres of water. In twenty hours afterwards, on 
the animal being killed, his bladder was found enormously 
distended with urine, which not only reduced the copper in 
the liquid of Barreswil, but fermented rapidly. 
These two experiments arc selected &om a number of others, 



some of n-hith T had the honoiii of performing in IS 53 at the 
College of France before a. Coinmission appointed by the 
Societi! de Biologie ; but as the resulta then obtained are 
identical it ia unnecessary to cite them. I cannot refrain from 
mentioning with what pleasure I perused a <;onimuni cation of 
Beraard'a, entitled " On the Influence of Alcohol and Ether 
on the Secretions of the Digeatiye Canal, of the Pancreaia, and 
of the Liver," read before the Socicte de Biologie. (m) M. 
Bernard, instead of putting the alcohol and ether, as I had 
done, directly into the portal Tein, introduced them.bymeana 
of a long (esophagus tube, into the duodenuni of dogs, and 
allowed them to be absorbed through the walls of the intes- 
tine, into the portal circulation. The result, as might ipriori 
hare been anticipated, was identical with what I had preTi- 
ously obtained. Bernard, in fact, found that sis centimetres 
of alcohol mised Avith an equal amount of water, was sufficient 
to excite the liver to secrete a la.rge quantity of sugar, even 
while the animal was fasting. With ether employed in a 
similar manner, he obtained no less successful results. 

Rosen6teiu(n) has still further confirmed the ralue of the 
physiologicai data I obtained, by a rery complete series of ei- 
periments on the influence of different kinds of drink upon the 
quantity of sugar, salt, and urea, daily eliminated by a diabetic 
patient. He performed the esperiments, he says, -with the 
view of ascertaining if the conclusions I arrived at were 
equally applicable to the human subject as to the animals 
operated upon, and he came to the conclusion that they are 
identical from his having obtained the follo^ving results : — 1. 
Coffee, while it diminished the eUmination of urea, increased 
that of the chloride of sodium and sugar. 2. Bayaiian beer 
had a precisely similar effect. 3. The influence of wine was 
also similar — namely, to decrease the elimination of urea, and 
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augment thnt of the cUnride of sodium and sugar Lastly, 
he found ihat linegac eierled a siimlar influence on tho eli- 
mination of these substances. 

If any one doubt the truth of the assertion that Btimulants 
excite diabetes, let hiin select a case of that form of the 
disease arising from excessive formation, and after having 
carefully estimated the dally ajuount of sugar eliminated by 
the patient, allow him to drink a fen glasses of nine durmg 
the next few daj-e, and watch the result lie "sill aoon find 
that the ingestion of stimulants ia followed by an mtreasf 
fugac, and if stimulants increase the amount of sact.harine 
matter in the urine of the diabetic, ive can easily understand 
how their excesfiive use may induce the disease m mdinduala 
prtdiipoacd to it. The effect of stunulants introduced l 
the portal circulation also explams to us how a disordered 
digestion is not unfrequently followed by sacLharme un 
I may here relate a curious fact in illustration of tlie latter 
remark. In 1862, at a time when I was much ociupied in 
studying the physiology of diabetes, I regvdarly tested my 
le twice a-day, and on one occasion I found it to eonlnm a 
small quantity of sugar. On the day m question I had par- 
taken freely of asparagus salad ; and, thinking that this 
might perhaps be the cause of the presence of the sugar, I 
dttermiiied to try tlie effects of a greater quantity. The 
following day, the sugar having entirely disappeared from the 
urine, I again partook of the same kind of salad, both in the 
morning and afternoon. In the evening, on testing the urine, 
I found very distinct indications of sugar. Aa the obsen-a- 
tion was to me one of great interest, I determined to make 
some further experiments on the subject, in order to discover 
how many hours this state of saccharine urine would con- 
tinue. During two days I ate large quantities of asparagus 
salad, taking care to have it made aa stimulating as passible with 
vinegar and popper. The result was far beyond my espccta- 



tions, for inatend of the sugar disappearing &om the urine in 
a few hours after I had ceased partaking of the diet in 
question, it continued to be secreted during several days, until 
I at last hecarae yery much alarnied leat the diaeose had been 
permanently induced. On the e\-ening of the fourth day the 
sugar had almost entirely disappeared, but on the fifth it 
returned in increased quantity, eo much so that a drop of 
urine falling on the hoot left a distinct white spot I could 
not account for the recurrence of the disease, as I had been 
particularly careful in my diet during the two previous days. 

I have mentioned this experiment because it appears to me 
that if a flow of saccharine urine be induced in a healthy 
person, as I consider myself to be by disordering the digestion 
and over-eseiting the live is ry ha cause 

insignificant in itself, but op in p p di p d con- 

stitution, may tend to prod h d gir he urine 

has been found after ea g he and h digestible 
substances. It is worthy o ma k h D Jes n DorpHt. 
has rendered horses diab by ling h ra w h hay 

damaged by moisture. Jl L t h un gar in 

the utine of dogs after he h d dm. d em h nitrate 

of uranium. Several other at h h m effect, 

and I have no doubt but that s. greater number of stimuianla 
will be afterwards found to produce similar results. 

We now come to the consideration of the second form of 
diabetes— namely, that in which there is no proof of tile 
existence of an ainornial prodnclion of Sugar by the liver, but 
in which there rather appears to be a diminished co'tsumption 
of the amount normally produced. In illustrating this point 
I have to rely entirely on clinical data for the opinions at 
which I have arrived. 

It will be remembered that several years ago Piorry com- 
municated to the French Royal Academy a paper, in which he 
stated that he had successfully treated cases of diabeiea 
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by giving the patients sugar-candy, and that he was led to 
do ao from his helieiTng that the cause of death in diabetes 
is the loss of the sugar which is so Deceasary to support life. 
The cane-HOgar was therefore given in order to tupply the 
place of the sugar that was lost. 

Not long after readiag these TiewB, when on a visit at Bristol, 
Dr. Budd showed me a young man whom he was treating by 
means of saccharine diet, n-ith apparent benefit. Subsequently, 
Dr, 81oane[a) and Mr. Amyot(b) published papers on the 
saccharine treatment of diabetes, expressing similar opinions. 
On reflecting oyer the Tiewa promulgated by these gentlemen, 
and comparing them with the results of my own clinical and 
physiological experience, it gradually occurred to me that 
there might be two distinct forms of the disease, such as I 
have already described under the head of diabetes by exceaiivi 
formation, and diabetes by dimindhed assimilalion ; and further 
investigation has not only confLrmed this view, but enabled me 
to discriminate between the two classes of cases by the history 
and appearance of the patients alone. Before giving examples 
of each form of the disease, let me first explain one or two 
things regarding the symptoms of diabetes, which, I fear, are 
but imperfectly understood. 

First, as regards the amoimt of urine eliminated, some appear 
to consider it a most important sign, and one which we should 
try and check as soon as possible. Now, I beg to differ from 
them, for I believe it fortunate that the diabetic patient does 

The excessive elimination of sugar is not consequent upon 
the increased flow of urine, for we may have, as already seen, 
an excessive flow of urine without sugar, —hut exactlj the 
reverse; the excessive flow of urine is consequent on the 
elimination of the sugar. The sugar, irk orderto be eliminated, 
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moet be dissolved, and, in order to be dissolved, icust bare 
water, and the more water the more readily does the elimina- 
tion of the sugar take plate. Some may say, we want to stop 
the elimination of the sugar. Not so ; we want to stop the 
disease inducing it, — not the elimination of the sugar, which 
is the mere result of the disease. Retaining the sugar in the 
blood would only tend to hasten the death of the patient by 
still further deranging the nutritive functions, and causing an 
abnormal diasmose hy altering the relative specific gravity of 
the blood and other aecretiuns. Remove the cause ot the 
accumulation of saccharine matter in the blood if you can, but 
if yon cannot do that, aid, instead of trying to retard, its 
elimination from the body. 

Diabetic patients generally psiss more hquid than they 
take — about one -fifth or one-quarter more — and although they 
ought never to drink more than they feel a want for, yet they 
must never be stinted, for their continual thirst is but nature's 
cry for relief. If the patient diil not drink, the blood would 
soon get too thick to circulate fieelj through the vesselB, and 
a vanetj of secondary diseases would be induced. Stopping 
the drink dunimshea the elimination, but dues not stop the 
formation of the ougar When, the formation of sugar de- 
creases, the nruie of its own accord becomes diminished. 

As regards the amount of sugar eliminated, which is gene- 
rally considered an uifiUible criterion of the condition of the 
patient, e'sperience has shown me that such an idea is erro- 
neous A diminution in the sugar m cases from eicesaivefor- 
taation is al»aja a good sign, but in those arising from dimi- 
nished assrmdation it is, on th* contrary, occasionally the 
re\ erse Thus I hat g again and again seen patients who were 
graduiUy supcumhing from the starvation effects of a restricted 
diet, at once pull up and improve on a judicious mixturo of 
vegetable food, notwithstanding that the amount of sugar in 
the urine was thereby greatly increased. It is the weight of 
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the patient, not the quantity of eliminated sugur, on whiiili we 
ought to rely tn such cases. 

Although advocating the emplojTnent of Tegetable diet in 
cases of diabetes of the second class, I do not wish it for a 
moment to be supposed that I agree with Piorry in thinking 
that the cuuae of death, even in this form, of diabetes, arises 
from the loss of sugar ; for, on the contrary, I think it springs 
from the inability of the body to assimilate the sugEir it 
possesses. In such cases, therefore, I give Tegetable food, not 
because it contains sugar, bat because it possesseB many of 
the other Hubatances neceaaaty fur the purposes of nutrition, 
which neither eiist in the same quantity nor in so easily an 
assirailatei form in animal diet. 

It is well known from the reports of travellers among savage 
nations, that men restricted sol-ely to animal diet must consume 
an almost fabulous amount in order to obtain sufficient of all 
the ingredients requisite in the processes of life. We know, 
too, that an animal can be moat effectually starved by limit- 
ing him to one particular element of food, although that ele- 
ment be even albumen. 

The benefits derivable from Piorry'a plan of treatment, 
therefore, in my opinion, arise &om the fact that when he 
gives sugar he at the same time ceases to restrict the patient 
to animal diet, and that in the mined food they find many of 
the matcrinh; essential to life much more abundantly and 
in a more easily assimilated form than in animal diet. 

I shall now give a few typical cases illustrative of the two 
principal forma of diabetes. 



Diabetes from Excessive Formation. 

In the beginning of 1860 a young gentleman, aged 19, 
Buffering from di^ibetes, was brought to me by his brother, a 
Medical I'cactitioner, who bad detected the dist-ase tn'o years 



prcvioufllj-. This patient had already been under various 
systems of treatment. What appeared to agree with him 
best was ammal diet, coupled n-ith amall doses of chlorodpie. 
To look at the patient one would have thought that he was a 
perfectly healthy individual. His weight waa 135 lbs. ; the 
appetite was moderate ; and the amount of urine pa^ed was 
not at that lime excessive. The obj ect of bringing the patient 
to me, it appeared, was in order that I might, if possible, 
suggest some remedy to replace the thlotodyne, the conati- 
pating effects of which were anything but agreeable. On 
carefully inquiring into the history of the patient, the case 
appeared to be one of diabetes by excess, and the origin of 
the mischief could In some measure be traced to some irrita- 
tion in the liver, which was painful at its lower margin, the 
pain being much increased on pressure. Having an intelligent 
Practitioner to deal with, I at Once gave my view of the case, 
and explained how, as scarcely any tw-o cases of diabetes are 
precisely alike, it would be necessary to try the effects of 
different forms of treatment in order to discover what would 
be best for this particular case. 

The following table is an abstract of the leaulta : — 
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The average amount of sugar pas'ied by thia patient during 
the nest six months being from fif gr ra 

930 grains) and his weight 158 da an 

lysis of the sugar -was no longe es m 
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[on the occasion of his bringing t m aa 
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it, the sugar again increased. 
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e of their cunt^uliig little or none of tlie actWe principle, that 
la Gist teaUd on frogs before hslng employed. 
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The nest case is that of a ladj who also Buffers from dia- 
betes by escesa. Before coming to me she had been under a 
gentleman connected with one of the City Hospitals, who 
treated her according to what has been hitherto considered the 
orthodos principles of restricted diet, upon which treatment she 
bad thriven bo well that when she walked into my consulting- 
room I never dreamt that she caroe to talk about herself, but 
imagined she came about the healili of another patient with 
whom she had been to see me a short time preTiously. She 
looked, in fac^ the Tery picture of health ; being plump, bale, 
and rosy. 

Like many patients in her position of life, she thoroughly 
understood the nature of her diaeaBC, and criticised the 
opinions of our first authorities on the subject in a manner 
which somewhat surprised me — eBpeciaUy when she finished 
by saying she had come to put herself under my care, not fcr 
the purpose of being dieted, but for the purpose of being able to 
live wUhaut being dieted. She was tired, she said, of gluten 
bread, etc., and wanted to live like other people. She had 
brains enough to see that dieting kept down the sugar, not by 
curing the disease, but merely by stopping the supply, and that 
as soon as she gave np the restricted diet, back came all the 
disagreeable symptoms. 

On analysing the urine I found she was in as good a 
condition as restricted diet could make her; the quantity of 
urine passed was moderate, of a specific gravity of 1030, and 
the amount of sugar comparatively trifling,— 310 grains. 
Diagnosing the case to be one of diabetes by escess, I 
honestly told her that although her case was one of the most 
favourable as &t as longevity was concerned, it w-aa one of 
the least satisfactory kind to put on ordinary diet. At the 
same time adding, tha-t the treatment must, in the first place, 
be entirely experimental, it being impossible to say what remedy 
would moat successfully allow her to dispense with dieting. 
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The case bo closely rcaembled. the preceding in its general 
charaeterB, that I Tentured on the same line of treatment, 
and, BB -will be seen by the subjoined table, wilh a favourable 
result. The eugar gradually diminiahed, until at length, after 
seven months' treatment, the saccharine matter had entirely 
disappeared from the urine. 

Being too sanguine as to the result, in ati unlucky moment 
I consented to the patient's throwing aside the restricted diet, 
and whether thia was done too sudilenly or not 1 cannot aay, 
but certain it is, that before a month was over, the urine con- 
tained as much, and even mote sugar than when Kret I took 
the case in hand. 
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One very remarkable peculiarity of this case is the very 
large amount of urea passed bj the patient. A large quantity 
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of urea is common to all diabetic cases, and especially to those 
on animal diet. Regarding the cause of the high percentage 
of nrea in diabptfa, the Rev, S. Haugtton (a) remarks that it 
cornea from the excessiye decomposition of protein substance 
which takes place in. this disease, qnite independent of the 
amount of bodily work done. 

In a series of observations on two cases in University College 
Hospital, Ringer(b) arrived at the following conclusions ; — 

1st. That after the influence of food on the urine has 
entirely disappeared, a constant ratio is maintained between 
the sugar and urea. 

2nd. That after a purely non-amylaceous and non-saccharine 
meal both the sugar and urea arc increased, but that during 
this increase the same ratio between them is observed. Thia 
ratio being 1 of urea to '2-2 of sugar. 

3rd. That under both these circumstances the sugar could 
only be derived from the nitrogeneous elements of the body, 
and, therefore, that some such ratio might, on a priori grounds, 
have been expected. 

Diabetti from Diminished Ainmilation. 

We shall now take examples of diabetes due to diminished 
imimttoion, and for this purpose select two cases from Hospital 
practice, for the reports and analysis of which I am entirely 
indebted to the combined labours of our clinical clerk, Mr. 
Joseph Thompson, and my class assistant, Mr. J. S. Cluff. 

One male and one female patient are again selected, and 
that too of as near as possible parallel ages to the preceding 
cases of the disease by excessive formation, so that the com- 
parison of the results may be facilitated. 

Fredk. F., aged 16, admitted into University College Hos- 
pital on October IG, IR64. Father and mother both living 
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and hejilthy ; family history generally p d h f 

phthisis. Present illneaa commenced abo tt 

IttBt Easter (March 27), when patient fir d h h 

made t great deal of water — sis or seyen. m w 

very thirsty and drank much., llis appc is ry 

great ; saya " he used to eat anything that m b hira 

Haa been treated dietetically, and, his father being a butthcr, 
has had plenty of animal food. He improved for a time, but 
floou fell off again, and has been gradually getting worse ; is 
mucli emaciated ; used to weigli 106 lbs., but now only weighs 
•75 lbs. ; skin very rough and dry ; bowels regular ; chest 
sounds healthy j no pain, cougli, or night sweats. 

The diagnosis of the case being of diabetes from msil-assimi- 
lation, the patient was placed an ordinary diet, including cam~ 
mon bread, eggs, and a pint of beer ; while to improve bis 
general health a mixture with phosphoric acid and strychnine 

The patient's temperature was noted three times a day from 
October 19 to Soicrober 3, and found to average 87J' F., 
being three degrees below the ordinary standard. (a) 

November 25.— Patient looks better. Says "hefeels him- 
self much improved; is not so thirsty: and makes less 
water." Goes home into the country to-morrow. 

The following table shows the results of the analysis. 
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During the first few days after the patient'e admission, into 
the Hospital the quantity of the urine was greatly diminiehed, 
but as he became accustomed to tlie change, it again rose to 
its aTeraee, and there remained until tinct. of cannabis Indica 
along with four drops of laudanum three times a day was 
administered (November 16), when it immediately fell 1000 
cub. cent, in the twenty*fouc hours, The quantity of sugar 
eHminated also decreased, but of course, in consequence of the 
nature of the case, not to any merited degree. The patient, 
since his return to Nottinghamsliire, has still continued the 
use of the remedy, the effecta of which will be best appreciated 
if I quote a passage or two from the last letter he wrote to Mr. 
Joseph Thompson, dated April 10, IS65 ; — " I have sent you 
another sample of my water. . . 1 am a great deal better in 
health and strength, and my weight ia 90 lbs. without my 
clothes. I am slill taking Dr. Harley'a medicine, and with 

• The rapid improvement which took place in this case when 
the diabetic system of treatment was discontinued, and tlxe 
patient was put back to ordinary food, is not a little remark- 
able. The improvement cannot be attributed to the change of 
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air or mode of life, for as we see it continued just the same 
when the lad had returned to his own tome and former avoca- 
tions. This is a most instructive case in more respects thaji 
one, for had the patient been treated by the ordinary routine 
nystem, the more sugar he passed, and, consequently, the 
woree he became, the mere restricted would have been his 
diet i and I haye little hesitation in Baying that had such a 
line of treatment been pursued it is highly probable that ere 
now the case might hare terminated fatally, for. as before said, 
at the time the !ad came to the Hospital he was but a shadow 
of his former self, having lost liO lbs. in a few months. 

I haye now to contrast a case of diabetes arising frommal- 
assimilation in a female with tliat from excessive formation in 
the lady's case previously cited. The nearest in age happens 
to be a very bad case — I may say a hopeless one, for the 
disease was much too far advanced before the girl came to the 
Hospitiil to render it probable that she will ultimately recover. 

Sarah P., a milliner, aged 27, single, was admitted into 
University College Hospital on January 23, 1865. Has been 
an out-patient under Dr. Harley since December 9, 1H64, 

History. — Father died of '■'dropsy ;" mother living (aged 
7") has alwaiB had Roodheilth has five brothers and sisters 
all healthv no hiilory of pTtthisis m the family Patient 
states that until the last tnehe months she has always 
enjoied ■lery ^ood health about this time [twelvemonths 
ago) she bei^an to feel '»eak ai d had a general feeling of 
malaise she lost her appetite and since list August (when 
she weighed about nine stone} has lost three stone weight. 
Three or four months ago a few dai s after receiving a great 
mental shock sht tirst noticed that she made a great deal of 
water [five pmla m twenty-four hours) ; she could eat nothing 
at this time, but was excessively thirsty, and used to drink 
large quantities of milk and toast water ; lived chieSy on 
slops, arrowroot, &c. ; took no solid food whatever ; saya " she 
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'. enough in her mouth to swallow." Hnr 
appetite since she has been an out-patient has materially im- 
proved. Still thirsty. Patient is tall, but very thin ; skin dry, 
hfttsh, and rough.; lips dry; fluah on cheeks; no cough or 
night sweats ; does not sleep well of a night, but has no pain j 
bowels very costive, will not act without medicme. Has not 
menstruated since last August, but up to that time her courses 
had come on too frequently— every fortnight or three weeks 
irregularly. Urine very light coloured ; ep. gr. 1041 ; no 
albumen, but abundance of sugar. 

Put on ordinary bread diet, including chop, beef-tea, milk, 
custard pudding, brandy Jij. 

Before coming tmder Dr. Harley's care the patieut had been 
treated dietetically. 

From December 12 until February 10, the patient took fifteen 
minima of tincture of cannahis Indica three times a day. She 
left the Hospital and became an out-patient again at het own 
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Mr Cluff mf rms me that in both this and the preceding 
case the anal ses we e always made on a sample of the forty- 
e ght hou s ur e con equently the results are of double 
value No e wiU I hmk, venture to say any of these cases 
have bee selected on account of tlieir being favourable speci- 
in. reality "they were just the leTerse. 



Both, of the two last cases hod been considered perfectly hope- 
leas by their lespectlve Medical attendants, and yet we see 
that under a different line of treatment they both improved. 
The first one may ultimately g'et well ; the last I am not san- 
guine about, notwithstanding tliat the strength of the patient 
haa considerably improved. When first brought to the Hoa- 
pital, the girl was so weak as to require to be allowed a seat 
during her examination ; whereas at her last visit she aaid 
she was able to walk to the Hospital, a diatance of more than 
a mile; but even that distance seemed to knock her up. 
There are three had features in her case :— Firatly, the want 
of appetite ; secondly, the excessively costive bowela ; and 
thirdly, the large amount of urea passed considering the amall 
quanlityof fuod taken.[a) These four last-mentioned cases, I 
think, clearly illustrate the difference between diahetea result- 
ing from eicessiie formation, and diabetes arising fixim 
diminished assimilation. I have only now once more to re- 
mark that as far as dieting is concerned, the treatment of the 
two classes of cases is diamettically opposite. The chance 
of success will therefore be In direct proportion to the correct- 
It ought always to be borne in mind that there are such 
things as acute, as well as, iiitermitleul diabetes, i'irst, as 
regards the acute form of the disease. 

Acute Diabetes. — Two remarkable examples of this kind are 
reported by Dr. Nohle.(b) One case was that of a boy aged 
17, who died three days after the disease was discovered, and 
only a few weeks after he Srat felt ill. The other, a roving 
lady, who died on the tenth duy after the nature of ber mulad; 
had been diagnosed. 
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Intermittent Diabetes. — In some pfttients, again, the peculiar 
canditioii of body inducing saccharine urine is not in constant 
operation, but comcB and goeH at irregular intervals. A well- 
marked cose of tMs kind occurred in the pructicc of Dr. 
Ramsbotham, of Amwell-street, the particuliirs of which he 
has kindly furnished to mo. They arp ae follows : — 

"A ladj-, aged 72, applied to me in September, 1860, in 
consequenee of aore tongue and intolerable thirst, which at 
that time ha/1 existed for sereral weeks. The peculiar amell 
of the breath and increased quantity of the urine (four or fire 
pints each day), induced roe to suspect diabetes. On examina- 
tion, I found the specific gravity to be lOi*, obtained a deep 
brown colour on lioiling with caustic potash, and a copious 
red precipitate with sulphate of cupper and potash. I gave 
mineral acids, with generous diet, omitting, as far as possible, 
nil farinaceous food. By the end of a fortnight the specific 
graTity of the urine was under 102U, and without a trace of 
sugar. At the end of another fortnight the specific gravity 
became again 1014 and the urine loaded with sugar. This 
intermittent state continues up to the present period. The 
specimen of urine for the last twenty-four hours (November 26, 
1831) has a specific gravity of 1013, and does not coutain 
sugar." 

Diabetes complicated Juith Other Disease, 

Having abeady seen how saeehaiine uiijie is irequently the 
result of other affections, I have now to point out how other 
diseases frequently arise from the want of stamina induced by 
the diabetic diathesis. This is more particularly the case with 
that form of affection resulting from defective assimilation, in 
which, to use an insurance ofiice expression, '■ it is a bad life." 
As I said before, Prout used to say of all diabetic patients, 
that they perpetually stood on the brink of a pttcipice. That 
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statement, though still perftutly true, haa been fortunately 
stripped of some of its tenors, since physiology hns taught 
us that, under juditious treatment, the life of the diabetie may 
be made little inferior to that of patients labouring under 
other chronic affections. Forewarned in this disease is truly 
forearmed, so if the patitnt neglects the waxmng he has but 
himself to blame fur it. 

Some few affections seem to lie the direct effects of an excess 
of sugar in the circulation, others the indirect result of the low 
condition the es cess in duces, lendering the body unable to resist 
the inroads of disease. Thus M>. France has called altention(a) 
to the frequency with which cataract is met with in the dia- 
betic, and relates cases of its occurrence at an early age — 30, 
and even 19 years. The characters of these cataracts are 
peculiar, — Firstly, they are sjTiimetrically developed on both 
sides ; secondly, the lenses are increased in the antero-posterior 
diameter, so as to interfere with the free play of the iris ; thirdly, 
the opacity attaclts diil'erent strata of the lens at once ; fourthly, 
the colour and hulk of the lens denotes its soft consistency ; 
aud, lastly, they do not come on till after the renal malady 
has existed for some considerable time. Moreover, the eye 
ought in no case to he interfered with, unless the patient is 
completely iilijid, as these eases are not good for operation. 

The cause of these cataracts has been well explained by Dr. 
Richardson, (b) who was able to produce them artificially in 
animals. They arise from a physical cause — osmose — a 
tendency to equalise the density of the fluids in the lens with 
those exterior to it, — in fact, the imbibition of sugar and the 
transudation of liquid from the lens. Chloride of sodium and 
other saline flolutiona produce the same effect. They ate not, 
indeed, true cataracts, and the proper treatment is to cure tlie 
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diabetes, not to extract the lens, which will became quite right 
of itself when the quniiticy of sugar in the ciiGulatiDn is reduced. 
Casen of diabetes are occa^ioniilly complicated with albu- 
minuria. Ill Eome instances the kidney disease Eupervenes in 
the course of the diabetes. One such case has already beea 
mentioned: another occurred to ni-yself. The diabetic patient, a 
man forty years of age, was suddenly attacked with albuminuria 
and dropsy after exposure to cold and wet. The albuminnria, 
after a time, j^adually disappeiared ; the dropsy likewise 
diminished, but the saccharine state of the urine remained. 
On the other hand saccharine urine occasionally makes ita 
appearance in the course of albuminuria. This I hare fre- 
quently seen; but then, the diabetic condition was not only 
trifling, but merely temporary, so that little importance 
need be attached lo it. It may, however, become permanent, 
in which case, especially if the patient is aged, great fears for 
his safety are to be entertained. I shall presently relate a 
fata] case of this kind ; meanwhile, I may mention a most 
interesting one which recently occurred in the practice of 
Dr. Eastlake, The patient, a young gentleman aged 12 years, 
had resided for a time at Calcutta, His urine, when. 1 
examined it, waa four ounces in qiuuitity, had a specific 
gravity of 1012, was highly albuminous, giving a copious 
precipitate with heat and nitric acid, either separately or com- 
bined, and contained a considerable quantity of sugar. The 
urine, when boiled with potash, became brown, and gave off 
the odour of glucic and melajsic acid. With sulphate of 
copper and potash, on the other hand (it mattered not which 
of these solutions was added iirst). a fine mauve, instead of a 
blue, liquid waa obtained. On boiling, the maure, as is usual 
in those eases, changed to a purple, then to a red, and lastly, 
a considerable quantity of sugar being present, a precipitate 
of the reduced oxide of copper waa thrown down. 

On questioning the patient and friends closely regarding 
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the origin of the disease, nothing more could he elicited than 
that his lega began to swell about two years ago, and that on 
his urine heing tested, it was found to be albuminous, there 
being not the slightest history of nephritis, either with or 
wilhont scarlet fever. 

On carefully examining the obdomen the liver was found to 
be enlarged (34 inches perpendicular to nipple), and tender On 
pressure. This led me to the idea that the albuminuria was 
secondary to the hepatic affection. As regards the sugar, I 
may mention that it does not eecm to have been discovered 
until the patient tame under the care of Dr. Eaetlake, which 
was some weeks pre^ioua to our consultation. 

The reason why I said that when sugar permanently appears 
in the urine in the course of albuminuria fears for the safety 
of the patient are to be entertained, is because it generally 
indicates a loss of vital energy, which, sooner or later, leads 
to a fatal termination. Dr. Quain has communicated to me 
an iuteresting case of this kind. The sugar first appeared 
three years after the albumen. The amount of the urine 
passed shortly before the patient's death being ten pints, and 
the specific gravity. In spite of the albumen, 1035. 

It may be laid down as a rule, as I have elsewherc(a) 
pointed out, that the supervention of permanently saccharine 
urine, even when the amount of sugar is very small, in the 
course of any chronic disease, is invariably to be regarded as a 
most unfavourable symptoui. It is not at all improbable that 
cases of albuminuria and diabetes may be met with in the 
human subject when these morbid affections are the simul- 
taneous result of nerve lesion. The reason I think so is, that 
I, like every other esperimental physiologist who has worked 
much at this subject, have occasionally induced both albumin- 
uria and diabetes in puncturing the fourth ventricle of animals. 

(aj "On Jaundice anil Dlscueaol the Liver," p. TO 
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This accident has generally happened when the injury to the 
nerve substance has been made too high up. 

A curious case of cancer of nearly all the viscera, conjoined 
nith albuminuria of one kidney and BBrtharine urine of the 
other, has been reported by Dr, Gibb,fa) the history of which 

A woman, sg^d 55, had been affEcted ivitb cancer of the 
uterus for four years, and three y«ars before two operations 
were performed for its removal. The disease, however, 
returned, and dcsttoved the neck of the uterus, the anterior 
wall of the vagina, and posterior part of the bladder, the urine 
dribbling from this general cavity for upwards of a year. She 
died on October 13, the left log being in a state of gangrene. 
On esarainatioa after death, the lungs, pleura, and bronchial 
glands were found affected with cancer, the former containing 
distinct tuberculous masses as well, some as large as an egg. 
The liver weighed four pounds, and contained a number of 
circular cancerous tubercles. The spleen also contained a 
cancerous nodule, The right kidney weighed, with the fluid 
contained in its dilated pelvis, seven ounces and three-quar- 
ters ; the left, much smaller, weighed, with its fluid, three 
ounces, from both extended dilated ureters filled with nrine. 
The urine in the larger kidney was of the speciSc gravity of 
1026, feebly acid, and contained sugar, as proved by the usual 
copper and other testa ; that in the left was of the specific 
gravity of 101.5, neutral, and contained much albumen. The 
condition of the urine had unfortimately not been previously 
ascertained, as none could be obtained from the bladder 
during the last nine months of the patient's life. 

Diabetes may also be associated with chylous urine. From. 
the observations of Dr. Bal)ingtoa,(b) indeed, it might almoBt 
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fae concluded that a saecharine condition, of the blood predis- 
poses to this dUease, for mBny of the patients suffering from 
diabetes whose blood Dr. Babington examined were found to 
be suffering from that condition called pianho^nLia (milky 
serum). 

A few years ago I had &e urine of one such patient sent to 
me for analysis by Dr. Charles Coote. The case, which was 
afterwards published by that gentleraan{a), was more than 
usually interesting, in consequence of its origin having been 
traced to psychical causes (mental anxiety), and from its having 
run a yery rapid course. The ordinary symptoms of diabetes, 
such as thiist, and excessive flow of urine, only existed for 
three weeks. The average amount of water daily passed 
during that time was from five to six pints, and of a specific 
gravity of 1031'34. 

It has already been said that diabetes is often associated 
with two forms of inflammation. Boils and dangerous car- 
bunclCB are well known freque-ntly to accompany it ; and now 
it would appear from a, paper in lie Union Me'dicale of 
February tS, IS61, that even, gangrene occasionally arises in 
the later stage of diabetes. This is not at all incomprehen- 
sible, seeing the great derangement to the process of inter- 
stitial nutrition to which ft supersaturated saccharine state of 
the blood gives rise. 

Lastly I have to call attention to impotence as a common 
accompaniment of diabetes, eepeciaily in men nearing or a 
little beyond the prime of life. Before me is the urine of a 
case of this kind now under treatment at the Hospital. The 
man J. W., aged 60, was sent to me i few months ago on 
account of diabetes. This case having been a very favourable 
one of defeciive assimilation, under a coviise of zinc as atonic, 
the saccharine urine may be said to hare entirely disappeared. 
At least, the sugar is now in such small quantity that for the 
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TreaCmenl, — Like all intractable maladies, diabetes has liad 
a great many specifics proposed for its treatment, and this ia 
not aurprisrng, seeing that the number of speciacs generally 
increase in exact proportion to the irremediable character of 
the disease they are proposed to cure. I am not, therefore, 
going to take up time by even attempting an enumeration of 
the names, far less of the vaunted virtues, of the speciflca for 
diabetes, but shall at once proceed to lay down a few of tlie 
general principles upon which my own line of treatment is 
founded. 

Fortunately, medicine is of much use in this affection; and 
although some cases, of course, ore beyond all human aid, yet 
many — I might almost venture to say the majority — are, to 
some extent, under our control ; and although uo one would 
venture to say that he can remove the malady, yet in almost 
every case we can substantially mitigate the more distressing 
of the symptoms, and render the patient comparatively com- 
fortable for the remainder of his life. Occasionally we have 
the satisfaction not only of finding the symptoms improve 
under treatment, but even the sacdiarine condition of the urine 
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entirely diaappear. We must uevtr, hoivever, speak too 
sanguinely even of euch a case, for a person ivho has once had 
diabetes is far from being in. tie same condition as one who 
never sufTeredfrom the disease for jmt as with insanity, no 
matterhoweTer perfect the lucid interial maybe, there ever 
esiats the danger of a relapse bo with diabetes, however long 
the intermission may be there alnajs remains the dangei of a 
return of the affection. 

The two great types of diibetes that due to excessive forma- 
tiiin, the other to diminu/ied asnmilaluia of saccharine matter, 
require, of course, as far as animal dieting is concerned, oppo- 
site modes of treatment for n hde in the former class of cases 
it is a most important — I miglit almost say an essential — 
adjunct to the other treatment, in the latter it is either detri- 
mental, or, at best, of no use at all. 

Even in the most faroutable cases for restricted diet, we 
must never allow ouraeives to be deluded into the idea that, 
because we are mitigating the symptoms, and reducing the 
amount of sugar in the urine-, we are necessarily curing the 
disease, or we sliall frequently be doomed to sad disappointment. 
In keeping a patient on restricted diet, we are merely with- 
holding from him the straw and mortar out of which the bricks 
are made,— not removing the makers— so that, as soon as the 
etrow and morlar is refurnished, to them, they will again be found 
alworkasHctivelyasever, It is true that it occasion ally happens 
during the withdrawal of the a traw and mortar the makers dis- 
appear; but this, unfortunately, is by no means invariably or 
even frequently the case ; it is rnther, indeed, the exception than 
therule. We must thereforerelyonother means for the removal 
of the makers. Of these other means 1 shall presently speak. 
Meanwhile, let me explain that by the term restricted diet we 
mean not only the avoidance of all sugars, and substances con- 
taining saccharine matter, hut also of all kinds of food con- 
Tertible during the process of digestion into sugar. The foods 
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convertible into sugar in the digestive canal are those contain- 
ing Btarcli (nut gums), such as arrowi-oot, tapioca, sago, Eouis 
uf all the different kinds of cereals (wheat, barley, outs, peas, 
beans, etc.). potatoes, carrots, beetroot, parsnips, turnips, and 
other edible roots. 

Green vegetables, on the other hand, such as spinach, 
cabbage, turnip tops, Brussels sprouts, and lettuce need not 
be forbidden, as they contain too small an amount of starch 
to do much injury. 

As for animal foods, on the other hand, every imagiitH.ble 
kind of fish, flesh, and fowl may be indulged in, so that even 
on the most restricted diet the patient hss still a large margin 
for selection — be^f, mutton, pork, venison, poultry, game, and 
wild fowl, oysters, lobster, crabs, pmwns, salmon, cod, turbot, 
etc., Iceland and Irish mosa, calf's foot Or gelatine jellies, 
butter sauces, and salad oils. The only true hardship, in fact, 
lie patient suffers is the deprivation of ordinary bread, and 
that appears to be a more severe one than most people imagine. 
I have knovm patients in whom the craving became at last 
almost intolerable, as if nature wcro crying out for some 
indispensable element of food. In order to mitigate this 
linrdship, a great number of plans of depriving bread of the 
forbidden element, starch, have been suggested, and many of 
them have been in a great meaBure successful. Thns, we 
have bran, gluten, almond, and glycerine breads and biscuits 
constantly kept in stock by many of our London b3kers.(a) 

After a time patients get very tired of these substitutes, so 
it is as well to know that we may occasionally indulge them 
■n-LtJi well done toast, or very crisp pidled bread, the extra 



heat lia\Tiig destroyed a, considerable portion of the siarch 
normally contained in the article. 

As regards drinka, all sucli as contain saccharine matter are 
to be avoided ; such, for example, as sweet sparkling n-ines, 
whether thej be ohampagnea, moaellea, or hocks. An embargo 
is also to be put on all liqueurs and fruity wines, such as 
young port, Roussillon, etc. ; s-weet ales, stout, and porter are 
also to be shunned. If the patient is to be indulged in Mines 
at all, let him have dry Lisbon, old Madeira, Manzanilla, or 
Amontillado sherries, Chablis, Nierateiner, or old Sauterne ; 
Bound claretB may also he indulged in. When stimulanlB are 
deemed reqiiisite, brandy, whisky, rum, or Hollands may be 
used ; but these ought always to be employed with caution 
for the reasons previously give-n, when speaking of the arti- 
ficial production of diabetes by means of stimulants intro- 
duced into the portal circulation. 

All that has now been said regarding regimen has of course 
only had reference to that form of diabetes arising from exees' 
sire fomiaticn. There are no reatriclions either as regards 
food or drink requisite in cases springing ftom drfectiee aasimi- 
laiioii. On the contrary, the duty of the Practitioner is to 
sclei^t for his patient not only that which la moat nourishing, 
but also that most easy of assimilation. He will often find, 
too, that such cases not only tolerate but even demand the 
free use of stimulants, in order to support the flagging vital 
energies, and enable the weakened organs to perform their 
work. I think if I were asked what is the best remedy for 
diabetes, I might venture to answer, in the language of Opie, 
when the student inquired what he mixed his colours with, 
" BttiiNS, Sia." For to say that any one remedy or partitulsi 
line of treatment is suitable to all cases of diabetes would b« 
simply charlatanism of the worst sort. 

For example, when diabetes arises &om a traumatic lesion 
of the nervous system, it is not the s}-mptom of saccharine 



urine that we treat. It, we know, will disappear when the 
nerve-lesion is healed. All out energies are, therefore, 
directed to the hastening of tlie healing process- 
On the other hand, when the cause is not traiunatie leeion, 
hul diaease of the nervous ej-slcm, iihich we know is neither 
likely to disappear of itself nor by treatment — such, for 
example, as tumour of the pneurao- gastric netve— our efforts 
are directed to the subduing of its effeetB. 

A similar remark ia equally applicable to those eases where 
the source of irritation does not esist in the nerves themselves, 
but in the organs which they supply, aa, for example, in 
diEeases of the lungs, utenis, or stomach. When the cure of 
these is beyond our skill, we have still to try and mitigate 
their effects by the administration of sedatives. A certain 
amount of discrimination ia, however, requisite in the selection 
of the sedative. When the source of irritation is in some part 
of the nerve centre, which it is not advisable to narcotise, 
csjinabis Indica is, for instance, to be preferred to opium. On 
the other hand, if it be deemed advisable to produce a aedative 
effect upon the brain, then opium would be the remedy- 
selected. Again, should the seat of the disease be found to 
be situated in the pneumo-gastric nerve, conia is preferable 
to either of the preceding, as it possesses a special narcotic 
influence on that nerve. 

In another set of cases, again, wlen the digestive cowans 
appear to be at fault, hydrocyanic acid or other remedies of 
that class may be employed. In fact, as before said, wo must 
suit the remedy to the special case, and when we fail in finding 
benefit from any particular remedy, we must try the effects of 
a combination. For it will be constajitly found that a mixture 
of drugs do good, although each had individually failed to 
make any favourable impression on the disease. 

As the majority of cases of diabetes are very chronic, we 
can easily afford to test the value of the treatment by testing 



tlie amount of sugar passed under each remedy, and change 
from one to th? alher until a benettciH! result is obtnincd. 

In cMea of diabetes from defettivs assimilation we find the 
same diversity of treatment required. Some improTe under 
necre tonics, Buch as slrychaine and phoaphoric aeid, others 
are benefited by prepaiationa of iron, such as the aulphHtr>, 
iodiJe, and citrate. Then again we find cases absolutely 
demanding the free use of both stimulants and sedatiies. In 
fact, it is exceedingly interesting and instructive to glance 
over the various plans of treating diabetes which have 
proved successful in different hands. Thus we find that in 
one case M. Burquet found that from the tirst day of the 
administration of the proto-iodideof icon the thirst diminished, 
the sugar disappeared, and the strength returned. (a) Benican 
again declares that be has auccessfally treated diabetes by 
giving the patient equd pans of alum and extract of 
ihatanf ijb) while Semmola speaks with equal coniidence 
regarding the benefits of electricily in this Protean a,frec- 
tion.(c) Day found the peroxide of hydrogen (ozonic ether) 
uBeful.(d) It was tried in University College Hospital by 
Sir W. Jenner and Uca. Reynolda and I'ox. One patient 
died, and the other two did not improve. (e) No effect was 
produced on the quantity of sugar or water. Pavy also 
speaks unfavoutahly of it.(r) I have tried it in seven cases ; 
in two it acted beneficially. In one of them, a case of diabetes 
from malassimilaCion, 3jss. of the peroxide t.i.d., reduced tho 
quantity of urine from SO to 60 uzs. ; the patient, aged 17, 
being on ordinary diet. In siic weeks he was so much 
better as to be able to return to India, and rtsume his duties 
as judge. Tho brcmlde of potassium, as well aa of iron, is 
exceedingly useful in casea of cerebral diabetes, and act 
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better still when they ■re combined with a little opium or 
hydrocyanic acid, as the requiremetit* of the case may be- 
Codeine, Faiy aaja, a useful, but I cansider its effects far 
inferior ta thoie of crude opium. In one cue, 21gra, had been 
taken, three times a day for nearly four motithB, and the 
patient (a lady aged -10) at the time she consulted me, wbb 
Bcarecly able lo walk across the rooni. I at once put her on 
the bromide of potassium trealmenl, and she rallied sufficiently 
to he able to walk in her garden. The improvement was, 
howcTer, of short duration, for, ss I afterwards learned, she 
died at Margate where she had gone for cliange of air. The 
pho6phalic Baits of ammonia and alkaliea, with limited restric- 
tion of die', has been found useful hy 6aaham.(B) Chloral 
hydrate 1 tried in three cases during ia"0, hut without any 
decidi^d benefit. Lastly, a purely skim milk diet has been 
strongly recommended by Donkiii, but for remarks on thii 
subject see page 313. 

From all this ne draw the important lesson that (he disease 
is in no case to be treated by nanip, but according to its special 
requirements. In concluding these remarka, I must again 
insist upon the necessity of attending to the three following 

1. In treating cases arising from defective assimilation by 
restricted diet, although the amount of sugar eliminated may 
be reduced, we only hasten the termination it is our desire to 

2, In no caseought we to trust to the specific gravity of the 
urine atone as an index to the amount of sugar passed, for it 
is an untruthful guide. 

Lastly, we must always beac in mind that in coBes of 
diabetes of the second class {defective aseimilalion) a decided 
and permanent improrement in tlie health of the patient is 
not inconsistent with a temporary rise in the elimination of 
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LECTUEE XI. 



H iSD WITHOLT DROPSY, IN CONNEXICOT 
WITH BniGHTS DISEASE. OEiKT AND LIVER DISEASE, 
rREOMASCT. FEVERS, ETC.— ITS CHEMISIBT, PHrSIOLOGT, 
PATHOLOGY, AND T 



As urine containing albumen may be either acid, neutral, or 
alkaline, the most common, and, at the same time, the beat, 
method for delecting this substance is to employ heat and 
nitric acid, at first separately, afterwards combined. In doing 
GO, a drachm of urine is put into a test-tube, and boiled. 
Should the liquid thereby become turbid, albumen is most 
probably present, but not necessarily so. To decide this 
point, therefor(>, a few drops of nitric acid are added ; and 
should the turbidity caused by boiling be increased rather 
than diminished on the addition of the acid, it is due to the 
coagulation of albumen. If, on the other hand, the turbidity 
cither wholly or in part disappears, it has, in all probability, 
been due to the precipitation of some earthy phosphates or 
carbonates,— two inorganic substances which are often mis- 
taken for albumen, in consequence of their being readily pre- 
cipitated from neutral or acmi-alkaJine urine by heat. The 
nitric acid re-disaolvcs both of these precipitates, the phos- 
phatic "ithout, the carbonatic "nith, effervescence. Although 
nitric acid precipitates albumen from urine without the aid of 



heal, il must never be used alone ; for when employed per te, 
it la a most fdUacious test, in canscquence of ita giving an 
amorphous piecipitate of uric aEid. in urine containing a great 
excess of urates, and a crystalline one of tlie nitrate of urea in 
urine loaded with that substance. The uric acid precipitate 
ia Irequently, the nitrate of urea precipitate larely, mistaken 
for albumen. The application uf heat in either case removea 
the difficulty by dissolving the precipitate, and enabling the 
substance to leassume its characteristic crystalline form during 
the cooling process. 

In consequence of the above-mentioned source of fallacy in 
testing for albumen with nitric acid, some authors recommend 
the substitution of acetic acid ; hut it, too, has its drawbacks, 
for acetic acid throws down a precipitate of cystin when that 
substance exists in quantity in human urine ; and if uric acid 
be in great excess, acetic acid ia even sufficient to predpilata 
it. The microscopic examination of the deposit in all cases of 
doubt allows of its true nnture being ascertained. 

In testing human urine for albumen there is yet, unfortu- 
nately, another source of error — namely, the possibility of 
overlooking its e.";istence when it is actually present. This 
may arise from two causes : one "being the nature of the albu- 
men, the other the condition of the urine. 

In afterwards speaking of its physiology, it will be shown 
that one particular kind of albumen is a normal constituent 
of healthy urine, but as that variety of the substance is neither 
coagulable by heat, nor procipitable by nitric acid, we have 
nothing to do with it at present. What I now allude to, ia 
the fact, that in the urine of disease albumen may exist, and 
yet escape detection, unless certain precautions be employed 

In the first place, in alkaline urine a small quanili!/ of albu- 
men is not coagulable by heat ; hence the necessity of always 
adding acid in order to avoid this source of error, 
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In the Becond place, some varieties of abnormal albumen 
are not coagulated by heat when only a little nitric acid in 
added, the addition of an escesB being requisite to ensure 
the precipitation. On the other hand, another less common 
kind is occasionally met with where a great excess of acid re- 
dissolves the coagulum. 

If, then, we wish to avoid these sources of error, when a 
discrepancy seems likely to arise, we must test repeated por- 
tions of the urine with different quantities of acid— say, with 
five, fifteen, and thirty drops of nitric acid to the drachm of 
urine. Thus, and thus only, are mistakes likely to be avoided. 

There are still other reagents the employment of which in 
cases of doulit is attended with, advantage. Such, for example, 
as absolute alcohol, chloroform, tannic acid, alum, acetate of 
lead, bichloride of mercury, and a variety of other solutions of 
the mineral salts— almost all of which precipitate albumen. 
None of these are, however, in experienced hands, at all to be 
compared, in point of accuracy, with heat and nitric acid. 

The effect of the presence of sugar in causijig albuminous 
urine to give a line maure colour with the sulphate of copper 
and potash has already been painted out. 

Specific Gravity. — It is generally stated that the specific 
gravity of albuminous urine is very low. But this is by no 
means invariably the ease. In fact, it only holds good with 
one form of albuminuria, namely, that consequent upon struc- 
u al hang th kidneys. A low specific gravity, there- 
f e aids m d tmguisliing that from the numerous other 
f fab mmui m some of which I have met with it as 

h gh a- 03 n 10115. These, however, were quite 

p il — he former being one of intermittent 

h m ur h due to the co-existence of diabetes. In 

wha mm n al ed Bright'a disease, the specific gravity 

a b n 005 and 1014. The usual average being 

0— 2 II h o her forma of albuminuria the specific 
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gravity ot the uruie has no limit, it may be ax low as 1005, or, 
as juet said, as high aa 1035. 

The reason why the urine in certain casee of kidney diaeaae 
has aueh a low specific grayily, is on account of the disorganised 
renal tulres being incapable of eliminating the urea and other 
urinary crystalloids. The lower, therefore, the specific gravity 
in these affections, the more dangerous is the case. 

QuanlitalivB Anali/ii!. — In all cages of albuminuria a quan- 
titative analysis is an invaluable aid to prognosis and treat- 
ment. It is beat done by measuring off 50 c.o. (about two 
ounces) &om the twenty-four, or, better still, &om the forty- 
eight hours' urine of the parieut, and additig it drop by drop 
to a couple of ounces of boiling distilled water acidulated 
with acetic acid. The capsule should be placed over the 
spirit-lamp, and its contents kept boiling vigorously the whole 
time the mine is being added. A drop or two of acetic acid 
should occasionally, during the process, be allowed to fall 
into the boiling mi.'iture, in order to ensure its being always 
faintly acid. When the coagulation of the albumen is com- 
pleted, the capsule is to be put aside, to allow of the coagula 
falling to the bottom of the vessel, and thereby faciUtaling the 
next stageof the process, which is the coUeclion of the precipitate 
on a filter and thoroughly wash it with distilled water. After 
this, while still moist, the albumen is to be transferred to a 
watch-glass, dried, and weighed. The weight of the dried 
albumen represents, of course, the quantity in 60 c.c. (about 
two ounces) of the patient's urine. 

The calculation for the twenty-four hours' urine is then 
simple enough. Suppose, for example, the quantity of urine ' 
passed he 1500 c.c., and the weight of dried albtunea 0*2 
grammes, then 

'- .^ e grammes of albumen in the twentj-four hours. 

The quantity of albumen passed Ta.riea considerably in diSe- 
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rent cases, at diifereiit times, and in different forms of the 
disease. It may be from 1 to 2 grammes (15 to 30 grains) 
only, or it may amount to fiom 20 to 30 grammes (300 to fiOO 
grains) in the twenty-four hours. In ayerage cases the amount 
leares aljout 10 gramraes (IfiO grains) daily. 

To foUow the above method time and apparatus are alike 
requisite. By those, therefore, who have neither tbe one nor 
the other at their disposal, the following mode of procedure 
may be adopted; it may be called the " tougb and ready 
method," and, although far inferior to the other, is yet much 
better than none at all ; — Take the twenty-four hours' urine of 
the patient and dilute it till it measures 3000 e.c. (100 
ounces). (a) Then, to two drachma of this diluted urine, in a. 
test-tube, add ten dtopB of nitric acid, either after or before 
coagulation by boiling. When this is accomplished, place the 
tube aside until the precipitate is all deposited. The amount 
of coagulum yielded daOy gives a rongb relative approxima- 
tion of the quantity of albumen passed, and by prcaerring the 
test-tubes, and comparing their contents from day to day, a 
tolerably fair idea of the progress of the case may be obtained. 

In these cases, in consequence of the dilution of the urine, 
the coagulum seldom looks to be much. Having now not only 
ascertained that the urine of the patient is albuminous, but 
even the amount of coagulable matter passed, we are still 
but on the threshold of oui diagnosis. The source and cause 
of the presence of the proteui hubatance has yet to be dis- 
covered. 

The coagulable matter found in the urine may have come 
directly from the serum of the blood, as in Bright's disease ; 
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cjititii, or the Bt^condary result of a variety of aSections quite 
independent of renal dUeaae. Many things have therefore 
to be taken into account ere we can arrive at a correct diag- 
nosiB even in a case of albuminuria. Before touching upon 
ihein, however, I must first say b few words regarding the 
physiology of our subject. 

Phvsioloqy. 

In atudj-inp albuminuria, it is well to bear in mind that the 
presence of albumen in the blood is a normal condition, while 
ic urine is always abnormal. When I say 
e of albumen in the urine is abnormal, I mean of 
a kind and in a quantity sufficient to be detectable by heat 
and nitric acid. Tliere is always albumen in healthy urine, 
but like the albumen found in. the stomach, after being acted 
upon by the gastric juice, it is neither coagulable by heat, nor 
precipitable by nitric acid. I believe it, in fact, to be the effete 
albumen of our blood, escreted like urea or any of the other 
products of tissue metamotphosis. 

Gigon was the first to call attention to the presence in 
healthy human urine of a substance coagulable by chloro- 
form. He thought it was ordinary albumen, and that it had 
been previously ovcrlookedin consequence of the teats not being 
sufficiently delicate for its detection. This, however, can 
scarcely be the case, seeing that we pass on an average 2-6 
grammes (40'3 grains), in the twenty-foux hours of this coagu- 
lable matter. Becquerel (a) says the substance described by 
Gigon[b)iBBimply mucus; but this cannot be the case, as Gigon 
finds that chloroform gives a precipitate when shaken -wit 
urine &om which all the mucus has been removed. He hi 
even shown that the same thing occurs in urine taken dire- 

(s) ComjjlM nmdtu, Nov. 21, igS7. 



from Ihe pelvis of the kidney, in whicli ttere is no mucus, 
Moreoier, if iho chloroform precipitate be collected, dried, 
(uid tedissalved in, acetic acid, it gives with ferrocyanide of 
potassium the re&ctions of albumen. In experimenting on 
this subject I found that absolute alcohol is even a better 
agent thau chloroform, by which to extract this albumen from 
the urine, and by its means I waa enabled to confirm Gigon's 
statement regarding the presence of albumen in urine devoid 
of mucua. The conclusion, however, which I airived at was, 
as before said, that this albumen is not like that met with in 
the urine of disease, but like the albumen which after having 
undergone the modifying action of tbe gastric juice, ia neither 
coagulable by beat nor iiitiio acid. 

Experiments on animals have showTi that unless the albu- 
men of our food has been properly modified during the 
digestive process, it cannot be assimilated by the tissues, 
but acts in the blood like a foreign material, and is as such 
eliminated by the kidneys. Thus, for example, it has been 
found that when the albumen of the hen's egg is injected into 
the blood of do^s it does not beuome mLorporaled w ih. the 
tissues but IS rapidl] throun off along with the unne 
whereas if th lame albumen be put into the animals 
stomach and digested ere it enters the circulation it i* 
assimilated and consequently does not appear in the unne 
in the shape of albumen Loagulable by heat and nitnc acid 
This phybiological fact givea us a clue to the veil known 
eirtumsta n,e that temporary albuminiiria often follow s upon 
disordered Gtomachal digestion btomachal digest on bemg 
not onU a dissolving but a tiansformmg process we can 
readily undersland how when this tranafonmng process u 
interrupted e ther m consequence of the unhUitable quahty 
of the food, or of some derangement of the digestive system, 
albumen may be absorbed into the circulation, not suSiciently 
changed to enable it to become incorporated with the frame, 



»nil therefore, as in the case of the dog, appear in tlie 

There can be no doubt that the albumen found in albu- 
minuria is not always in the same form. The mere fact, 
already alluded to when on the chemisliy of the subject, of 
its occasional capricious behaviour towards heat and nitric 
acidissuiHcientto prove this. There can be no doubt that even 
the urine itself has a powerful effect in modifying the reactions 
of albumen. Mr. Allied H. Smct (a) has shown that while a 
current of osvgen gas passed through ordinary albumen, or 
albumen from the fluid of a spina bifida, at the temperature 
of the human body {98° f.) transforms a certain amount of it 
into fibrin, the same gas fails to produce any such result when 
passed through alburamous urine, even when the albumen 
is in so large a quantitv as almost to solidify the entire uxint 
when boiled. 

Albuminuria may be produced by the physiologist artift- 
cially in animals by a variety of operatiTe procedures. Section 
of the renal nerves in rabbits produces albuminuria (Michel) . 
Uivision of the cerebral peduncles (Schiff) as well as section 
of the fifth pair of nerves within the cranium, is followed by 
a like result. Section of the spinal cord in the dorsal region 
of dogs I have found to be followed in the course of a few 
hours by albuminuria ; and all experimental physiologists are 
aware that puncturing the calamus scriptorius of rabbits, often 
times causes the urine to become highly albuminous. It has 
frequently happened to me also to bring on an albuminuria in 
animals, into whose portal circulation I had injected stimulants, 
for the purpose of rendering their urine saccharine. 

In all ihese cases the albuminuria is most probably the 
result of the congestion of the kidneys, which almost inrari- 
ably, to a greater or leas degree, follows upon the above men- 
tioned operative procedures. 

(HI Pi'«. Roftil Sociat;, Juoe le, lB6t. 
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Since the introduction of the improyed methods of chemical 
and microscopical investigation, the subject of albuminuria 
has undergone an entire rcTolutiou, and the time may now be 
said to have arrived when a philosophical arrangement of the 
different patholoj^cal qondltiooB giving rise to it 18 not only 
desirable, but absolutely necessary. To grapple nilh precon- 
ceived notions, trample upon cherished theories, re-arrange 
data, and promulgate new principles, is, no doubt, a task not 
to he entered upon without serious consideration. Neverthe- 
less, as we alt know, if Medicine is ever to take her place 
among the exact sciences, some one of her votaries must gird 
on his armour, and boldly run the risk of obloquy in attacking 
old dogmas. While waiting the advent of a more able expo- 
nent, I shall, trusting to the supportof the emancipated among 
my brethren, attempt to handle the subject of albuminuria in 
a manner similar to that in which I have elsewhere treated 
jaundice. 

TJn fortunately, however, at the very outset, there ia an 
important difficulty to be overcome as regards the meaning 
which should be attached to a well-known title of Kidney 
disease. The united labours of Basham, Johnson, Christi- 
Bon, Virchow, Parkes, Bennett, Goodfellow, Begbie. Aitken, 
Quain, Stewart, Dickinson, WUks, and others have shown 
that the term " Bright's disease " is at present indiscri- 
minately applied to widely -differing pathological conditions, 
such as nephritis, cirrhosis, fatty and wasy degeneration 
of the kidneys, etc., — renal affections which have no cliniLal 
connexion beyond what they derive from the associated 
symptoms of albuminuria and 'dropny. If wt^ desire to keep 
pace with the progrcaaive advance of science, it is abso- 
lutely neceasarj- for us either to limit the term "Bright's 
disease " to one particular form of renal affection, accompanied 



with albuminuria and dropsy, or to abandon it altogether. 
The latlei alternative I am in no wise incliiied to adopt, for 
the name of the man who first discorered the connexion 
of dropsy, albuminuria, and renal disease is, I opine, well 
deserving of being handed down to eJI time. I therefore would 
venture to propose that the name of Bright be perpetuated by 
BSBOciatiiig it with that form of disease whleh is not only the 
one moat frequently met with, but also that with whi«h Dr. 
Bright was most familiar, namely, the albuminuria of nephritis. 
By 60 doing, we shall not only be enabled to make a phDofio- 
phical arrangement of the different morbid states upon which 
albuminuria depends, but at the same time render justice to 
an honoured and deserving memory. 

In studying albuminuria, there are two things that must 
always be borne in mind : first, that there are certain forms of 
albuminuria with dropsy, and certain forma without it ; and, 
secondly, that all cases of permanent albuiainuria are, in the 
long run, always associated with an organic change of struc- 
ture in the tissues of the kidneys, and that even in those cases 
in which the renal organs were not primarily at fault, as, for 
example, when the albuminuria springs originally from passive 
portal congestion induced by heart or liver disease, paraplegia 
or hemiplegia. Contrary to what some authors affirm, I assert 
that permanent albuminuria is in all cases the result, and not 
the cause of renal derangement. Just in the same way as pus 
is the remit not the cause of an ebsoess. And just as an 
abscess may be due to a great variety of causes, so may renal 
derangement originate in a number of different morbid con- 
ditions — some constitutional, some local. When Johnson, 
Walsh, Aitken, and other authorities, say that the textural 
changes in the structure, of the kidneys are only the local 
expression of the constitutional disorder, as suppuration in a 
gland may be but the local expressio n of constitutional struma, 
I perfectly agree with them ; hut when they go so far as to 



say that the eicretion of albumpn by the kidneys U due to a 
constitutional cause, and not to a oca! structural change, 1 
beg to differ from them in Mb. 'Tib true that in a limited 
number of cases of albiuninous urine the healthy kidney is 
only eliminating a foreign material, for, as already shown in 
the physiologioa! part, when mai-digested albumen enters the 
blood, the tisauee of the body heing unnble to assimilate it, 
the renal organs are forced to excrete ihia form of albumen as 
they would any other noxious material; but thesG cases are 
not only few in number, but have no similarity whatever with 
the pathology of the ordinary forms of permanent albuminuria. 
So small, indeed, is the proportion of cases of permanent albu- 
minuria in which the piimary cause cannot be direcily traced 
to the kidney itself, that they do not even, as a whole, amount, 
I belicTe, to more than 20 per cent. 

With these few remarks aa a proriso, I may at once enter 
upon my task, and as the great ait in eiplaining a dif&.eult 
euLject is to use as few and as simple words as possible, I shall 
venture to put my views of the pathology of albuminuria, bb 
I did those of jaundice, into a tabular form. (a) It must ha 
borne in mind, however, that aa all diagrammatic classiiicaitiong 
labour under the disadvaiitage of being more or less arbitrary, 
it will be necessary, in order tha,t the views of the palholngj of 
albuminuria here enunciated be thoroughly underslood, that 
the chemistry and physiology of the subject be previously 
studied. Moreover, if the subjoined table is to be turned 
to practical aa well as theoretical account, the explanations to 
be subsequently given of the different forms of albuminuria, 
as met with at the bedside, must be carefully considered. 

(al Villa pajB 132 of the author ou ■■lUo Fathglogy and Treatment 
6f JiandJco," 
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■With the albumen present in the urine of health we have 
now nothing to do, bo I at once pass to the consideration of 
the firat great cImb, namely, that form of ihe affection in 
which the cause of the albuminuria is to be found in the 
kidney iWelf. 



As indicated in Ihe diagram, primary albuniinuria naturally 
divides itself into two well-marked VBrielies— a temporary and 
B permanent variety — the former heing by far the moit com- 
mon, the latter the most dangerous. Each of the«e will now 
be specially anil separately considered. 

Blight's Diseorn. — The pathology of this temjiarBry form of 
primary alliuminuria is simple enough, and may be aummcd 
up in one word — namely, " nephritis ;" for, be the esciling- 
eiu*e wdat it may, the immediate cause of the albumen in the 
urine is an engoiged or an inflamed condition of the kidney. 
Thus, for example, it maybe the result of direct injury to the 
luins, rr arise from an attack of cold, either in a perfectly 
healthy individual or in one rendered abnormally susceptible 
to Ihe affection by intemperance or other debilitating fBUae ; 
and lastly it may follow upi^n scarlatina, in consequence of 
the kidneys having an eicess of work precipitately thrown 
upon them by a sudden cheek bsing given to cutaneoui 
exhalation. The diagnaais of the nephritic form of albumin- 
uria, which is almost always acule and curable, is in general 
easy ; for, besides the history of the case, we have a most 
important guide in the condition of the urine. 

Should the nephritis be the result of injury, the ease is clear 
enough, for pain in ihe loins, the albuminous urine, and the 
dropsy will be found to follow in its immedinte wake. Oa 
the other hand, when the disease ia the result of cold and wet, 
it is sometimes so insidious in its march as to give no indica- 
tion of its presence until the existence of dropty attracts the 
attention of the patient. In the most commnn of thia class of 
casts, however, the general history is, that after exposure to 
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cold the patient suffers more or less malaiae ; ia cliilly and 
feverish, occasiunallj even shivering ; has pain in tlie lumbar 
region, with scanty and high-coloured urine ; next a puffiness 
ia noticed under the eyes, the feet begin to swell, and the 
belly is observed to be enlarged. Should the attaclt be a severe 
one, not only do the limbs become dei^idedly o^dematous, but 
the abdomen gets so filled with duid that the patient is unable 
to wear his ordinary clothes. All this may occur in a very 
few days, and what is still m»re alarming to the patient and 
his friends is, that the effusion, does not always stop here, but 
^3 rapidly to extend until the whole trunk and upper 
: included in one general anasarca. Before 
this time, however, Medical aid ia generally sought, and the 
progress of the dropsy thetehy arrested. Tn men, I have occa- 
sionally observed that one of the most distressing results of 
the effusion has been an excessive (Edema of the genital organs, 
the prepuce hecoming, in some cases, so enlarged and distorted 
, At other times the liquid ia chiefly 
issue of the scrotura, giving to it the 
appearance of an immense scrotal hernia, In the spring of 
1864 a little boy, aged 8 years, was brought to me at Univer- 
sity College Hospital with the cellular tissue of his scrotum 
so distended with Quid that it was nearly as large as his 
head, the tense skin being at the same time so bright and 
glistening, and the effusion so transparent, that most of the 
students took it for an enormous hydrocele. As I pointed out 
to them, however, the diagnosis between these cases and 
hydrocele is very easy ; for in the one case the fluid is in the 
subcutaneous cellular tissue only, and consequently the skin 
retains the impress of the fingei ; while in the other, the fluid 
contained within the fibrous tunica vaginalis, prevents the reten- 
tion by the tissues of the impress of pressure, however firmly it 
may have been applied. It has been hinled that we frequently 
meet with eases of Bright's diseases with very little or no pain, 



malaise. I may now add &M we occasioiull; 

■I others in which the t^dema, especially at Gist, is so 
tiifiuig that it would fail to awaken alarmitk the patient, were 
it not accompanied with considerable discomfort, and scanty 
and high-coloured urine. The amoky, red, or bloody -looking 
urine at the same time generally yields a copious dark- 
eolourett deposit on atEindine, which further aids in arousing 
the suspicions of the patient, which auepieiona the Medical 
■.tteadant is able, by the aid of a little nitric acid and heat, at 
once either to conGrm or dispel. To diagnose the ca^e pro- 
perly, however, it is not alone sufficient to prove the existence 
of albuminuria ; for that, as seen in the table, may occur 
under a great variety of circumaCances, and even when the 
urine is so loaded with albumen as to allow of its being trans- 
fomted into a solid mass — so solid that the tube may be in- 
verted without danger of any falling out — we are still unable 
to certify to the existence of renal disease until we have 
called the microscope to our aid. If the case be one of Bright's 
disease, in the urinaryHedimentwillhe found blood corpuacles, 
epithelium acales, renal tube easts with their epithelial lining, 
amorphous urates, and, perhaps, even crystals of uric acid oi 
oxalate of lime. 
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There "ue two pomtB to which I must here direct special 
attention otherwise difficulties nhich need not exist m&y 
come m the way of beginners In (he tirst place it occa- 
sionally happcuii that a number of annular cella are found in 
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the field whiuh. look very like pus corpuscles (Fig. 2). They 
are bli^ger than the red blood cclL), and 
smaller than the epithelium. Theae, in the 
majority of instances, are simply white blood 
corpuscles, and are most numerous after meals. ^ ' 
In some few oases, when the nephritis is accom- ^b (^G 
panied by vesical catarrh, mucus cells are like- _ 

wise abundant. In others, again (as in that of -, © *0 
a child aged 3 years, four weeks after scarlatioa 
and fourteen days after the first appearance of the dropsy 
began) the white blood corpuscles are actually more numerous 
than the red. This, however, is rare, for during fifteen years' 
special observation I have only once met with it. The in- 
crease in the number of white corpuscles after food is common 
enough, and is readilv accounted for on phvsiological grounds, 
it being now an admitted fact that after every meal a large 
excess of white corpuscles ore poured into the circulation. 

The second source of difficulty to the beginner consists in 
the fact that in some instances the blood corpuscles appear 
nucleated. A remarkable case of i? i 

this kind fell under my notice in 

June, 1859, the patient, a man -^ ^^ .a (^ 

aged 33, being at the time under O ® ^ (^ 

the care of my colleague Professor '^ W («) 

Hare. The albumen in the urine {Jl g) (^ //* 

had begun to diminish, the tube o (^ 

casts and free epithelium to dis- 
appear, when the red corpuscles were noticed to have the 
appearance presented at Fig. 3. 

Some of the corpuscles possessed one, others two perfectly 
distinct macula;. By slightly altering the focus of the lens a 
halo became apparent roimd each macula, which then assumed 
the characters of a black spot in the centre of a bright ring. 
It was further observed that the spot was not in the interior 



of the corpuscle, but onlj- imbedded in its cell-wall, the 
appenrance of its liping in the centre of the corpUHcle ariaing 
itimpi}* from the position in which the cells happened to be 
".■ieweci. In many of the diECB the spot was seen, as in the 
figure, to project beyond the cell-wall, thereby carrTiugi afl it 
■were, the latter with it. This irregularity in the form of the 
blond corpuscles I have seen still better marked in a case of 
haimaluria. Some looked exactly like the developing nucle- 
ated blood corpuscles of the human embryo. 

The peculiar Bppearancea ubave described, which may prove 
BO puExliitg to the beginner, are due to the action of the saline 
tirine upon perfectly nDrmal blood cella. In 1860 Dr. Addi- 
son showed thiLt sherry wine in certain proportions induced 
projections from the waUs of blood diace, and in 1863 Dr. 
Roberta threw additional light ■upon the subject, by discover- 
ing that Bolutiona of tannic acid and magenta bring into view 
a vesicle in the cell-wall of nucleated, as weU aa non-nucle- 
ated blood corpuscles. The inner vesicle being analogotie, he 
thinks, to the primordial utricle of vegetable eell8.{a) 

Till now I have spoken of Bright's disease as it affects botli 
kidnOTH simultaneously, but it occasionally, though much 
more rarely, happens that it only attacks one, and in this case 
there is albuminuria, and all the microscopic appearances 
already described, but no dropsy. Anasarca, in fact, only 
makes its appearance when not alone both, but the whole of 
both kidneys are so much affected as to he unable to excrete 
the urinary products. So long as one kidney remains healthy, 
these manage to escape &om the circulation, and dropsy does 
not appear. This, indeed, is, I believe, the true explanatiou 
of the occurrence of those cases of Bright's disease without 
dropsy which have hitherto been considered so anomaloUB. 
Having diagnosed the case properly, the next thing is to watch 
its course, and try and guide it to a successful te 
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The progresa of the disease is best learned from the condition 

The iirst sign of improvement Is a diminution in the number 
of the blood corpuscles ; the second, aa increased eliminution 
of urine, which is soon followed by a decrease of the dropsy. 
The quantity of urine daily voided after the drat stage of the 
attack ha.'f passed is fiometim^s very large, being far beyond 
the normal Btandard. Occaaioually, the twenty-four hours' 
urine of a patient in the second stage of Bri|<ht'H disease will 
amount to something above 3000 c,c. (more than 100 ounces) 
And, what is still more important, is the fact that with this 
excessive elimination of water, there is often a corresponding 
excessive elimination of the organic and morganic salts 
Iiuckily for the patient it is so, it being this accumulation m 
the blood of these exeremenlitioua products which m general 
is the immediate cause of a fatal termination. In one case, 
three weeks after the commencement of the attack, or, I 
should rather say, of the onset of the dropsy — for it was the 
first thing (he patient observed— Mr. Alexander Bruce, my 
former assistant, found that the patient — a young woman, 
aged 29, — passud the following qnantity and quality of urine : — 

Water . . . 2J35 o.e. = {8 IJ ounces.) 

Speciiic gravity . 1012 

Urea . . . 25-25 grammes = 391-37 grains. 

Uric acid. . . 0-333 „ = 3-6 „ 

rhosphoric acid . 8-837 „ = 1370 „ 
And this, too, be it remembered, when the patient was taking 
very little food. As a case goes on improving the albumen 
diminishes, the specific gravity of the urine rises, and the tube- 
casts disappear. 

Shciild, unfortunately, the affection resist the action of 
remedies, and run on to a fatal termination, which is rather 
the f-iceplLon than the rule, the kidneys will be foimd enlarged, 
congested, sometimes softened, and always readily denuded of 
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their capsules ; but the capsule often has portions of the 
cortical substance adhering to it. They may weigh in Tery 
bad cases as much as twice the normal amount (which is about 
to ounces for the two). When esami d aU 

small irregular punetiforra extravasatio w be 
tered among the urine tubes. As re un bes 

themselves, some will be found entir h ir 

epithelial lining, others distended and bl h d hed 

epithelial cells, blood corpuscles, an m rp g ulaj 

matter, giving to them a well-marked tlin di y 

recognisable both in longitudinal and t ra 

The treatment of cases of Eright's dis as d d 

after the other satieties of albuminuria ed 

Meanwhile, it may only be remarked th m B gh 

disease here described is one of the m am ti a 

ment of all renal affections. 

We now pass to the consideratioc of the permanent variety 
of primary atiuminuria, which is, as shown in the table, met 
with in the following morbid conditions of the kidney : — 
Chronic hypertrophy, fatty, waxy, cirrhosis, tuberoulona , 
scrofulous, and cancerous degeneration. 

The chronically enlarged kidney, which is by far the most 
common accompaniment of permanent albuminuria, is in 
general the result of repeated attacks of inflammatory action 
(Bright'a disease). It is likewise the ultimate product of 
prolonged passive renal action, such as arises from cardiac and 
hepatic disease. Besides this, howeter, ail constitutional aa 
well as local affections (fevers, tumours, calculi, etc.) which 
produce congestion of the kidneys may be said to pre-dispose 
to their permanent hypertrophy. 

The simply hypertrophied kidnej' is exceedingly difficult 
to diagnose during life from the circumstance that so long aa 
the enlarged organ remains in a quiescent state — that ia to 
aay, in an. uncongested condition, or is nut the seat of any 



Bcute inSammBtDrf attack — there are no symptoma aufSciendy 
chuacteriadu to admit of its read; detection, for the urinary 
■ecretion may be copious, normal in colour and specific gravity, 
ta well as entirely free from any deposit ; so that unless some 
accidental circuuiBtajice directs tbe attention, of the Physician to 
the kidneys, the existence of albuminuria may be readily OTcr- 
looked. Even the cEdema of the ankles i9 often in such cases 
SO trilling as to escape the notice of both patient and Medical 
attendant, until some slight attack of renal congestion specially 
caUa attention to the state of the kidneys and their secrelian. 

Regarding the morbid anatomical condition presented by 
the hypcrtruphied kidney, little need be said, for, except being 
much beyond the usual siie, it looks to the naked eye exactly 
like a normal kidney. At least, this is the condition met 
with wh n h p ' n ia udd 1 u off by some other 
diB ase In h as s again h yp rophicd kidney is 

und n d n th b ood f n d and friable, in conse- 

qna isbu^ hamg 
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pn na),dkdn appea b me congested, and 

!ven exccssiielj so, nithoul any lerj apparent cause. 

When in a congested state it pours out large quantities of 
albumen, blood corpuscles, and epithelial lube casts. Tlic urine 
le same time becomes scanty and high coloured, the feet 
and legs rapidly increase in diameter, and the patient presents 
all the appearances of a well-marked case of Bright's di.sease. 

Moreover, the hypertrophied kidney is frequently the pre- 
cursor of both the fatty and the waxy forms of degeneration, 
and the almost invariable forerunner, I believe, of the cirrhosed 
itate of the organ. 

FqIIi/ Pege'ifration.—Mi'bough the fatty form of kidney is 
frequently the result of chronic inUammalion, it may occur 

lite independently of it, just as we ti nd fatty degencralion 

iaing from constitutional causes in other organs of the body. 
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Hence we often find that fatty kidney is the accompaiumeiit 
of phthisis, of heart disease, of fatty liver, etc. 

Its most characteristic symptoms arc permanent albuminuria 
Slid dropay, but as in the early stage of the attack it is impos- 
sible to 9B.y whether the albuminuria is to be persistent or not, 
these symptoms of themselves teach us but little. It is to the 
microscopic condition of the urine that we haye t£> look for 
further infarmatioii, and, fortunately, we need not look in vain, 
US a peculiar form of sediment not only reveals to us the nature 
of the pathological lesion, but even indicates the stage of the 
renal disorgaiiiaaiion. In the first place, the presence of oil 
globules in the tube-casts, and in the free epithelium, tells ua 
that the albuminuria is the product of & kidney in a state of 
fatty degeneration ; while, secondly, the amount of the oil 
globules and the quantity of albumen, together with the special 
character of the tube-casts present in the fluid, iuilicate the 
exact stage of the affection. Lastly, the supervention of on 
acute intammatory attack upon a fatty kidney is at onee 
made manifest hy the existence of blood corpuscles in the urine, 
in addition to the presence of o ly tube casts and epithelium. 
Tia 1 The accompanying drawing, 

h which n as kindly made for me 
by mj former pupil, Mr. Ed. 
De Morgan is a very faithful 
itration of the condition of 
the tube cists and epithelium 
met nith m cases of fatty de- 
feneration of the kidneys. The 
history of the case from which 




this 



taker 



bneil) as follows ;— 

\. Hbourer. aged 36, was ad- 
mitted mto University College 
October 4, 1864. He acknow- 
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leilged to have been a very intDmpcrato man. but stated thai 
he had, neyerthelesa, generally enjoyed good health. lit 
could give no very deHnito account regiirding the commenct- 
ment of his illnesa, except that he noticed his legs first begi;! 
to swell about tlircc moiitha before his admisaion, from whicli 
time hia health hBtt gradually failed. There was rio account 
of hia having at any time had an acute attack of nephritis, nor 
of hia present illness haiingtieeu due to exposure to cold or 
wet. On admission, the legs and abdomiiutl walls were ex- 
ceedingly (tdematous, but the face was only slightly puffy, and 
there was no ancemia to speak of. The urine was, however, 
highly albuminous, becoming almost solid on boiling. It was 
acid, contained oily tube-uista, and epithelium, as represented 
in the drawing ; but there were also a few hlood corpuscles 
and granular casts scattered among them. The case was, 
therefore, at once diagnosed fatty degeneration of the kidney, 
nith the superrention of an acute inHanmiatory attack. 

The patient continued much in the samestate till November 9, 
when erysipelaa, excitodby aaore on the face, set in, and from 
then till December 5 he lingered on, sometimes better, soiiie- 
tiraes wnrse, until he waa sviddetJy seized with rigors and 
vomiting, fullowed by a worse outbreak of the erysipelas. He 
died on the I'ith. The quantity of urine passed by this man 
varied from TO to 116 ounces, and the specific gravity from 
lOLO to 1015. 

On poat -mortem eiamination made by one of my colleagues, 
the cortical substance of the kidneys was said to have ap- 
peared much increased in width, the line of demarcation 
between it and the pyramids being almost lost ; while undfer 
the microscope the substance of the kidney was described as 
being in a state of granular and fatty degeneration, much free 
flit being scattered in globules over the licld. 

Where oijy one kidney is involved, fatty degeneration may 
run on to almost any extent, till at length the organ assumes 



almost the appearante of a fatty tumour. One autli specimen 
has at least been brought under my oliscrvatiOD. Ihe case 
occurred in the proetiee of Dr. Hullett Browne. The patieiit 
was a boy, ageA 11, who had for a coosiderahle time suifercd 
from renal calculua. At the p oat-mottem examination, the 
left kidiiey was found to be 6~ by 3^ inchea in diameter, and 
so completely transformed into adipose tissue that only a mere 
trate of renal atcucture could be detected in the centre of the 
maaa, feintly indicating, as it were, the outline of the oiiginal 
kidney. The light kidney was muth enlarged, congested, 
soft, and Mable. This was not, of course, an oidinmy case 
of fatly renal disease ; but I quote it merely to show to what 
estent fatty degeneration, of the kidney may proceed. If both 
kidneys are equally affected, death would, of course, inevit.- 
ably ensue long before the degeneration could extend to any- 
thing like the stage here indicated, (a) 

Between this and the healthy kidney there is every poasible 
intervening grade of fatty degeneration. In the ordinary run 
of casea which terminate fatally, the kidney is found some- 
what increased in size, greasy to the touch, and pale in colour, 
the cortioii! and medullary aubstances having generally much 
of the aame appearance, and are so blended together that it is 
often extremely difficult to point out where llie one begins 
and the other ends. A scraping of either part placed ilk a 
drop of water and riewed with the microscope presents, in 
an exaggerated degree, the appearajices delineated in the figure 
--that is to say, the epithelium cells both in and out of the 
ruhca are found loaded with oil glohules. 

Wari) Kidney. — Although this form of renal degeneration 
is not 90 common as the fatty variety, it is tolerably often 
obaerved, and ia usually associated with a sinular degenera- 
tion in some of the other organs, more especially of the liver 

(a) Ills case Is reported iii the Paih, Sot JVanj., vol xtil., p. lai. The 
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and spleen. The waxy kidney is dirker n colour thii the 
fatty, and is easily distinguished In its sn ouCh ttiturc aiid 
glistening waxy aspect. To the touch it is firm being some 
times indeed so hard as to take the impression of the nail 
without tearing. On section, the medullarj and eotucal 
substances are found to be blended together and the mal 
pighian bodies in the latter distmctlj marked a? translucent 
spots. The capsule is easily detached and the surface beneath 
is smooth, pale, and slightly mottled w th small rosettes of 
red vessels. The diagnosis of this form of renal disease during 
life is not so easy as that of the fatty * arietT stJl however 
it can be ttceomplished by carefully e\.imming the unne front 
day to day, when the detection of what are termed hyaline 
easts serve to indicate the pattological condifion The casts 
are oiten absent for two or three dajs at a time then for the 
next two or three days they may be present The annexed 
figure, which was also made for me bv Mr De Morgan indi 
cates the appearance presented in the or linarj forms of hyahne 




The patient who passed the casts from which the above 
drawing waa made was a woman, aged 30, with a well-marked 
Byphilitic hiatory (secondary eruption, sore throat, loss of hair, 
tihiul nodes, etc.). She attributed her urinary aymptoniB to 
an attack of cold, which induced headnche, thitat, shivering, 
pain in loina, scanty and high- coloured urine, with dropsy. 
Thi? occurred several months before her admission into the 
Ilospital. At the time the above represented casts were 
found tiere was still albumen in the urine, but comparatively 
little dropsy, the lower liroba only being cedematDus, the face 
having quite a natural appearance. As Ilie waxy is some- 
times associated with a partially fatty condition of kidney, it 
occasionally happens that both, hyaline and oily casts aie met 
with in the same patient's urine. This is always an imfavoui- 
able complication. Hyaline casts alone, though generally 
indicating an advanced stage of disease, aie by no means 
invariably indicative of immediate danger. The waxy form of 
degeneration is sometimes almost entirely limited to one kidney, 
or portion of a kidney, and however severely affected the part 
may be. it canses little disturbance bo long as the other kidney 
or portion of kidney, is healthy. With fatty kidney, on the 
other hand, it is usually the reverse. When once one part 
becomes affected the disease rapidly spreads ; and this seema 
to be especially the case when the tissues of the organs have 
already become weakened by the pre-existence of other diseaae. 

The wnsy, like the fatty, kidney is prone to take on infiam- 
matory action, and although during the quiescent stage of the 
disease no blood corpuscles are to he found in the urine, yet 
every slight attack of tSnporary renal congestion is apt to 
induce their appearance. 

When examining the urine in a case of waxy kidney, a few 
epithelial cells are occHsionally to be found scattered over 
the field of the microscope; but as all epithelial cells met with 
in the urine do not necessarily come from the diseased kidney. 
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care must always be taken not to full into an error of diagiiosia, 
by mistaking urethral, bladder, ot even vaginal epithelium, for 
renal. Renal epithelium, like the blood corpuscles, only 
appears in the urine of the wsiy kidney, when an acute inflam- 
matQiy attack or temporary congestion has disturbed its 
circulation. Grainger Stewart thinks that blood from the 
waxy kidney generally contains an excess of white eorpusclea , 
but this, I imagine, can only oec ar when the spleen is also 
affected. 

Cirrhosed Kidney . — The kidney, like the liver, after repeated 
attacks of inftamniatory action is apt to become cirrhosed and 
atrophied. All the three varieties of enlarged kidney — the 
chronically enlarged, the fatty, and the Tvaiy— are liable after 
a tinip to shrink and assume a granular appearance, but this 
is more especially the case with the former. The capsule at 
the same tinve becomes thickened, and so adherent to the 
renal tissue, that when it is being detached it brings away 
with it portions of the cortical suhslance, therehy giving to 
the surface of the organ a very roughened appearance. In 
acute nephritis, as before said, little palchf* of kidney substance 
often adhere to the capsule when it is torn off, but in that 
case the kidney is larger and softer, while in this case it is 
smaller and harder than natural. Besides, it haa not the 
same granular appearance on section. The cirrhosed kidney 
eumelimes even looks hbrous, in consequence of the oblitera- 
tion of many of its tubes and blood-vessels. As the cirrhosed 
and atrophied kidney is also liable to attacks ot in3amniation, 
the appearances here described are not always those found 
after death, for the case often ends fatally during one of the 
inflamnialDry attacks, which of course considerably modiSes 
the anatomical conditions. 

The pracesB which leads to atropiiy of the kidney is thought 
lo be very slow ; some think it may extend over several years, 
fjut on this pi»nt I have not sufficient data at my disposal to 
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Bdmil of my offeting en opinion. The cirrhoaed and atrophied 
kidney ia hy no means easily diagnosed during life, for sorae- 
times tliote is noithei albumen not tnbe-casts present in the 
urine during Beyeral dsys at a time, and then it ia only the 
peculiar look, the pale, hydnemic face, the bleached lips, and 
puffy eyelids, with dituiidshed ilow of urine, which lead us 
to Buspect the exiateuce of renal iliBease. As a rule, the urine 
is aciil and scanty, both as rcgariia the frequency of micturi- 
tiou and the amount passed on each occasion. When tube- 
CKSta are detected they are usually small in size and sorae- 
what granular in appearance, llieir Bemi-granular nature has, 
indeed, led me to the eoneluaion that their presence in the 
urine in auch cases, is perhaps not so much due to the atrophy 
or cirrhosis of the organ, aa to the existence of trifling tem- 
porary congcstiona, which though insignificant in themaelvefl, 
are neverthelesa sufficient to disturl) the balance of the circu- 
lation in an Bbnorroally smaE organ, which CTcn at the best of 
times has more work thrown upon it than it can well perform. 
The natnre of the congestive granular tube-cast will be after- 
wards pointed out, when albuminuria arising from portal 
congestion is considered. We must now pass on to albumin- 
uria arising from tuberculous, scrofulous, and cancerous de- 
generation of the kidney, regardin g which I hare only a few 
words to say at present, as their diagnosis and treatment 
come much better under the hea.d of bloody and purulent 

In tubcrcalofii, acrofulotis, and enncermia degenfratioiui of the 
kidney, the urine ia coagulable by heat and nitric acid, not bo 
much on account of the presence of ordinary albumen as in 
the preceding examples of disease, aa from the existence in the 
urine of organised albumenoid elementa — aueh as tubercle and 
pus cells, or blood and cancer corpuscles. In fact, in these 
diseases of the kidney, although the urine is both coagulable 
hy heat and nitric acid, it is only when the other kinds of renal 



disease, previously described, aupecvene in the course of tulier- 
culouB, scrofulous, and eancetouB degeneration, that tho coagu- 
lability of the urine dare be said to depend upon tlie existence 
of alburoinuria, or tliat the affection ought to be classified in 
the category now under consideration. 

Mr. Thomas Ballard has recorded (a) avery interesting case of 
encephaloid cancer of the kidney, in which there was the com- 
plication just deserilied — -namely, pennanently albuminous 
urine of low specific gravity, associated with malignant dis- 
ease of the kidney. These cases must, however, be rare. 
Hcfore death, the lady, who livedtothe ageof TO.hadfrequent 

It ought never to be forgotten that ordinary renal inflam- 
mation mny, and does imder certain circumstances, run on to 
suppuration ; hut then, if the Medical attendant has carefully 
watched the progreis of his patient by a diurnal microscopical 
and chemical examination of the urine, the case is easily 
enough distinguished from one of tuberculous or scrofulous 
degeneration, — for in the farmer case the appearance of pus 
eotpuacles in the urine has been preceded by blond corpuscles 
renal tube-casts, and exudation cells ; while in the latter the 
pus corpuscles have slowly and insidiously made their appear- 
ance independently of any inflammatory action. According 
to Basham, who is a ^od autliority on such subjects, another 
of the peculiarities of nephritis ending in suppuration is the 
absence of dropsy. The existence of gravel or stone in an in- 
flamed kidney is always a powerful provocative of suppuration 
liut here, also, we have the previous symptoms of the case to 
guide us to a. correct diagnosis- 

Before quitting this subject, I should like to remark thattlie 
exact converse of what we have been describing occasionally 
occurs— namely, that a kidacy, the scat of tuberculous. 
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Gcrofulous, OF canpErouB degeDeiation, may become suddenly 
the Etat of nephritis, the superveulioii of which would be at 
once diagnosed by a change taking place in the urinary sedi- 
ment, fur, in addition to the elements of tubeicle, cancer, or 
pus, the chaiaelerislic drbria of Blight's disease, as already 
dtBi'ribed, would become apparent. 



Secondarv Alhlmisl'ru [C*u:^i; not PimiiElLT IS THE 
KlONET). 

Albumin'aria from Imperfect /)cjes( ion.— Every one who has 
had much experience with diseases of the utinaty system is 
aware that eases of temporary albuminuria are occasionally 
met with in persons whose only symptoms are referable to 
disordered digestion. It may be that they are usually dys- 
peptic, or, what is still more &cqucntly the case, they hare 
been indulging in food that has disagreed nith them. Thus, 
cheese has been kno^^~n to cause albuminuria ic children, an<l 
lobster or crab in grown-up people. The esplanalion of this 
is simple enough, as has already been explained in the physio- 
logiial part of Oui subjecl, and which, therefore, need only be 
again alluded to here. In these cases there is nothing eaaen- 
tiallj- wTong with the kidneys, and the alburainuria is simply 
due to the endosmotic equivalent of the albumen absorbed 
into the circulation being different from what it ought to be. 
Certain kinds of albumen, as before said, will not stay in. the 
blood unless they have preyiously undergone modification by 
the digestive process. Hence, if the necessary mo dificulion be 
interrupted, either on account of the digestive organs being 
out of order, or by reason of the indigestible nature of the 
food itself, a temporary attack of albuminuria is the imtaediate 
tunBequence. 



TUo efftct of food on albuminurias of all kinds is mnrh more 
important than most persons imagine ; for, as I sh&ll after- 
wards show when on the snbject of treatment, by diet nlone 
-we can at ple^uie augment or diminii^h the amount of albu- 
men eliminated with the urine. Nothing further need there- 
fore at present he said on the subject. 

Albuminari'i/rom A'eire Lesion or BeJIex Irritation.— This, 
like the last form of the affection, ia characterised hy the ab- 
sence of organic change in the structure of the kidneys. But 
the analogy does not proceed further, for although the albu- 
minuria ia due to no structural chimge, it can, ueTertheleas, be 
clearly traced to a disturbance of the renal circulation. It 
may be remembered that while on the physiology of the sub- 
ject I mentioned that iu the lower animals albuminuria can be 
produced at will by a variety of operative procedures — such, 
for example, as section of the renal nerves, division of the 
spinal cord, lesion of the cerebral peduncles, etc. So we cannot 
be in the least surprised at the detection of albumen in the 
urine of patients labouring under similar nerve lesions, the 
result of disease. As the cause of the albuminuria is apparent 
enough in thelower animals — namely, renal congestion — there 
need be, I think, but little douht that in man the pathology of 
the morbid condition is precisely similar. Cases of albuminiuia 
in connesion with spinal paraplegia, hemiplegia, apoplexy of the 
base of the brain, etc., have been so frequently reported, that 
nothing further need be said upon the subject, but we may at 
once pass on to the consideration of that form which is least 
understood — viz., the alhumintiria of prepiancy. 

Aibumiiiuria of Pregnancy. — i ny ar when House- 

Surgeon ta the Edinburgh Roy l m H p tal, I was 
led, at the suggestion of Profess Sunp n amine the 

urine of every patient that eutc d h h d ring three 

months. The urine of those wh am m e pains of 

labour had already begun was imm di d oif by the 
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catheter, so that eren in their easea nil risk of error, from Oie 
accidental admixture of vaginal aecretioiia, vas sToided, and 
I was surprised to find how much leas frequent the presence 
of alhumen in th eurine of pregnancy was than I had been led 
to expect from the opinions expressed by previous obaervera. 
It did not amount to 4 per cent-, ^'hich ia actuallv lefia thnn a 
third the percentage of the cnaPB of temporary albuminuria 
found to exist among female patients admitted inlj> » general 
Hospitnl.(a) As regards the frequency of puerperal convul- 
sions, an almoBt similar conclusion waa arrived at — namely, 
that they are not so exceedingly common as general! j supposed , 
for although I haye since Been them both in private and public 
practice, not one case of the kind oceuired among the 450 ■worn en 
who were at that time delivered under my superintendence; and 
at least ten of ivhom were passing albumen in the urine. More- 
accompanied by dropsy, and apparently entirely due to the 
pregnancy, there may siill be no coii^tilsionB, as the following 
case -will show: — On May 30, 1851, a aeivant-girl, aged 20, 
was sent into the Edinburgh Infirmary by a Medical man who 
thought lier case one of liright's disease. Her urine was 
highly albuminous, her face pufiy, her legs swollen, and her 
abdomen greatly distended. On passing my hand over the 
abdomen I imagined that I felt an enlarged uterus, but on, 
suggesting pregnancy, the girl indignantly denied its possi- 
bility. It was true that she had seen nothing for the last nine 
or ten months, but to that she attached no importance, as she 
had often before been irregular. She had never had morning 
sickness, never felt any movement, and besides, it was 

(a) Among the womon aamittcd iiitu the ModiciU wards of TJnivorsity 
Collego Hospital. Parkes found 13-[I3 percent hod tomporarynlliuniinuria 
IMidimI ri),.M o»ri Baatlt. Januatj 1, 1B5H). Era. Elliott and Van 
A radala found only two dnseH gf aHniminm1iinll2 pregnant women that 
they euunlnad (Sm, roi* Jmmal oj Maiicine, 185B). 
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impossihle slie could be pregnant. Facts, howeyer, arc stub- 
born things, and fivtal hearts being not nauaily heard in cases 
of simple ascites, I quietly, but firmly, told her my opinion that 
the albuminuria was associated with, if not the diii^tt result 
of, pregnancy: at the same lime adding that she might temain 
in. the Hospital a few days wliile we tried to relieve the dropsy. 
In four days she was taken in labour, and ivithin an hour 
after I was called to her bedside she was ilelivercd of a full- 
grown healthy child, without n single convulsion or any head 
symptora whatever. From this time the albumen began to 
diminish in. the urine, the dropsy to disappear, and on June 
! 6, twelve days after delivery, not a trace of matter coagulable 
by heat and nitric acid was to be found in the urine. On 
July 14 she was diBiiussed in apparently perfect health. 

I have now to relate two other eases of what ia called the 
albuminuria of pregnancy, but which, as shall afterwards be 
explained, have an entirely different pathology. The foOow- 
ing is an abstract of a case which was published in Germany 
in 1864. (a) The analyses wetre made conjointly by the late 
Dr. Gegenbaur and myself ; the clinical history was fumiahed 
us by Soannoni; — 

The woman, aged 36, began to menstruate in her fifteenth 
year, and conceived for the first time in her twenty- fourth 
year, which conception, pregnancy, and delivery were all per- 
fectly normal. Menstruation recommenced eight weeks after 
delivery, and continued at regiilar intervala till February 27, 
1863, when she again became pregnant. The patient con- 
tinned well till July 24, 1863, when she was attacked with 
ascites and anasarca of the upper and lower extremities, the 
outer genitals, coats of the abdomen, and of the face. Being 
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\uiablc to work, she went to the Hospital in Schweinfurt, from 
whence she was discharged as cured in the course of six 
weeks. The patient attiibutpd her illness to cold, which she 
said she had caught irom being too lightly clad in damp, cold 
weather. 

On September 18 she entered the 'Wurzbnrg Boyal Lying- 
in Hospital, there to await her delivery. At the time of her 
entrance she was perfectly well, with the exception of an 
ipdtmatouB swelling of the lower extremities, which she 
ascribed to the long distance she had walked. After remain- 
ing fourteen days in the Institution, the patient again became 
dropBieal, and the dropsy continued to increase bo that on 
October 13 she presented the foUtiwing appearance ; — 

Her pale face appeared swollen and puffy, particularly around 
the eyes ; the upper eKtremities, especially the forearm and 
the hand on the left side, were very aideinatouH ; the abdomen 
contained much fluid, and respiration was difficult, on aceount 
of the compression of the lunga ; the heart's action was normal ; 
the skin was extremely dry ; the bowels torpid ; and the 
scanty urine loaded with albumen. The fcetal heart was dis- 
tinct. The patient was ordered a diuretic electuary, to remain 
quiet in bed, to take moderate nourishment, acidulated drinks, 
and the swollen extremities to he bound with a linen compress. 
During the next nine days hoth the (edema and ascites dimi- 
nished, while the urine and perspirations increased. The 
amount of albumen passed was, however, much the same. 
From October 22, although the patient had ceased taking the 
medicine, the improvement still continued, and on November 5 
2 ozs. of blood were withdrawn from the patient's arm, and 
the twenty.four hours' urine at the same time collected. The 
analyses of these fluids, as well as those subsequently made 
during the patient's illness, are given in the following table, 
in which, for the sake of more ready comparison, the con- 
ts have been reckoned at so much per thousand : — 



In 1000 parts of lilood « 



id analysis 3rd analyeia Itb analysia 



Water . 


826'9fl 


829'104 


789-220 


768- 


Solid matter . 
Filiiiii . 


174-04 
2-30 


L70'596 
2-8J5 


210-78O 
2-t89 


23 1 -2 

2- 


Albumen 


54'16 


60-693 


65-BG7 


73- 


Blood corpusclea 


103-51 


95-902 


131-219 


141- 


ExtracUve matter 


\-2'l 


0-S2I 


2-005 


4- 


Inorganic Baits 


12'7B 


10-315 


9'100 


8- 


In 1000 parts of 


serum w 


re- 






Water . 


S27-32 


917'flU 


91 1-091 


90G- 


Solid matter . 


72'68 


82-3e(i 


8S-D09 


94- 


Albumen . 


60'69 


67-209 


76-164 


8fi- 


Extractire matter 


2-91 


3-752 


4-505 


2- 


Inorganic salts 


9-08 


11-3S5 


8-249 


5- 



Water . . 963-1 97M 967-3 

Solidmatter . . 36-9 28-9 32-7 

Inorganic salts . 229 15-9 17-5 

Organic subs taneca 12-88 12-8 15-3 

zUfaumen . . 9-5 2-9 1-6 

Urea . . . ;i-39 6-43 10-9 

The first analjsia was made during the thirty-third wepk of 
pregnancy, at which time, although there was not much ascites, 
there was considerable a?dema of the lower extremities. The 
([□alitative analysis of the blood showed that it contained, 
besides the above-named ingretlients, a large quantity of sugar 
and traces of carbonate of ammonia. The urine collected at 
llie same time had a strougly allLaliiLe reaction 
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smell— fants which led to the coaclusion that the trana- 
furitiation of some of ike urea into coFhonate of ammoitia was 
taking place bi tlie circulation. On. microscopical eiamina- 
tion, the urine was found lo contain, a number of pale tube- 
casts, as well as numerous epithelium cells. 

By the time the second analyses were made— twelve days 
later — the condition of the patient had improved, her com- 
plesiDn was more tiatural, and the dropsical swelling had con- 
siderably diminished. The blood no longer Qontained car- 
bonate of ammonia, and Only a small quantity of sugar was 
present. The urine had now become almost normal. The 
quantitj' had increased from 1 189 cubic centimetres [3S oz.) to 
1688 cubic centimetres (54 oz.), and the specific gravity bad 
at the same time fallen from 1043 to ID25. Besides this, 
there were no longer any tube-casts to be detected. The im- 
provement in the condition of the patient went steadily on 
until December 1, when she wai safely delivered of a. full- 
grown healthy child, without the occurrence of any nervous 
coropbcation, On December 7 — that is, seven" days after 
delivery— the condition of the blood and urine, as shown by 
the third series of analyses, was still more favourable , Tbe 
total quantity of urine then passed was 1792 cubic centimetres 
(58 oz.), the specific gravity lOlS, and tbe reaction decidedly 
acid. Ten days after tbe confinement, the health of the 
mother was coniiidcred so good that she was sent aa wet 
nurse to a resident family. Five days later, at the request of 
Scanzoni, she returned to tbe lying-in Hospital, and had over 
2 oz. of blood abstracted ftora her arin, tbe result of which is 
given in the fourth table. Now, i£ we compare the first 
analysis of tbe blood with the figures given by Scherer of 
normal blood, the increase of die watery, togedier with the de- 
crease of the solid constituents is Tery remarkable. Thealbumen 
is decidedly under the average of that found in non-pregnant 
females. The quaudty of blood corpuscles is likewise less. 
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nh fibn alw are m bund han innormEil 

bdTh dmtem urn is also 

m t (iiff IB li us d tlie Bmaller 

aJ. p t, h am of salts 

pp ea h rm b d ITi ul le second 

J tr p ds w h th imp m b. patient ; 

theie lieing a decided increoja of the albumen, and dettGase of 
the salts in tho blood. The third aoalysia of the blood, seven 
days after deliveiy, shows, in iiomparison with the two former 
analyses, a considerable diminution of the water, with a eorre- 
spouding increase of solid raatters i the fibrin is, however, less 
than in the second analysis. The great increase of albumen 
and blood torpuscles exactly correspond to the decrease of the 
albumen in the urine. In the fourth analysis, the water of 
the blood is seen to be still further diminished, and the solids 
at the same lime as notably increased. The quantity of the 
salts is again less than in the previous analyses, so that all the 
analj-ses show a eontinnous decrease in these Constituents. 
The general conclusion to be drawn from the foregoing 

1st. That in the albuminuria of Bright's disease there is leas 
than the normal amount of albumen in the blood. 

2nd. As the amount of the nlbnmen in the urine increases, 
the quantity in the circulation proportionately diminishes ; and 
as the albuminuria decreases, the amount in the circulation 
gradually reapproaohes the normal standard. 

3rdly. The nuantity of albumen and urea in the urine are 
iu inverse proportion to each other — that is to say, where there 
is much albumen there is little urea, and where there is much 
uiea there is but little albumen. 

Lastly. The condition of the urine affords us a pretty 
correct idea of the probable condition of that of the blood. 

I have now to point out ait error into width people are very 
liable to fall— namely, to look upon the albuminuria of preg- 



uaiicj, and pregnancy with filhiuninuria, as one iind the Bame 
thing, while, iii rcalitj", they are perfectly distinct. When we 
speaX of the albuniinuti^ of pre:g:nancy, we mean that the 
pregnant ptate induced the albuminuria, as was the case in the 
example first tited ; whereas when we speak, of pregnancy 
with albuminuria we simply mean that a woman during the 
period of her pTegrancy has been attacked with kidney 
disiase, as in the ease last cited, 

I have now to call attention to a third form of albuminuria 
and pregnancy — namely, that iji wliich a patient already the 
subject of kidney disease becomes pregnant. This is not only 
a graver camplieation than the " albuminuria of pregnancy," 
but, as a rule, even more dangerous, Loth to the life of mother 
and child, than a case of pregnancy complicated with kidney 
disease. The following case, of which I can only give a, very 
brief abstract, will illuslrate this remark : — 

The subject was a lady, aged 30, who I saw in eonaultation 
with Dr. Jlagrath, of Teigiimouth, and to whom I am indebted 
for the patient's history. Uermotherdied of diseased kidney B 
at the Bge of 45. The piitient herself was healthy until she 
suifered &om frequent attacks of intermittent fever whilst 
abroad. During her first pregnancy her legs were noticed to 
be cedeinatous, but, as albuminuria was not suspected, the 
urine remained unexamined. Her delivery waa tbllowed by 
a convulsion, for ivhicli she was bled to sixteen ounces. 
During the second pregnancy and continement, nothing 
remarkable was observed, but after the third delivery she was 
again seized with convulsions, which were on this occasion 
arrested with ehl m h arly part of 1863 she agoiii 

conceived, and aim mm m 1 before or afterwards, was, 
while recovering tarrhiil fever, seized with hemi- 

plegia. In the t wu h e was seen by Dr. Erowii- 

Soquard, and, un th dministratiou of tonics, -with 

change of air, sh uied the power of her arm 
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atid leg. In Augiiet of the same year, ehortly before I saw 
her, her face and hands were for the first time ohserved to be 
[edematous. The urine was of a specific gravity of 1020, and 
was not noticed to contain albumen. About this time ahc 
suffered irom headache, vomiting, -with atertorou^ breathing, 
and musculBT twitchings during sleep. At the end of August, 
when I examined the patient, the specific gravity of the urine 
was 1014, it contained a large quantity of alhumen, coagula- 
ting to one-third of its volume, and with the microscope both 
blood corpuscles and renal tube-casts were detected. As the 
symptoms of uremic poisoning continued to increase until the 
breath had a urinous odour, the induction of premature labour 
was had recourse to, during which she had a convulsion, 
which was arrested with chloroform. After this the patient 
made a slow recovery until October 24, when she was cou- 
sidereit eonyalescent. The urine at this time was abundant, 
of a specific gravity of 1014. contained very little albumen, and 
only a few hyaline tube-casts. 

On November 25 the quantity of urine was forty ounces, 
and the specific gravity 1021. Waxy tube-casts were still 
to be detected. (a) 

In tliis case, as in the preceding, the union of pregnancy 
and kidney disease must be looked upon as accidental. In 
the former the albuminuria supervened during the course of 
the pregnancy ; in the latter, the pregnancy in the eouise of 
the kidney diseaae,(h) each being quite independent of the 
other. The distinction to be drawn between these cases and 
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that first cited — namely, the albuminuria of pregnancy — is of 
the utmoat importiuice both as iegar<ls prngnosis and treHt- 
ment : for while in ihe albuminuria of pregnancy it is to the 
pregnancy, and not to the kidneys, that we must look for relief, 
in the case of the kidney diaease associated with pregnancy, 
as well as in that of the pregnancy associated with kidney 
disease, it ia to the condition of the kidneys that we nxust 
Bpecially direct our attention. The re.iaon of thia is easily 
understood when we remember that in the albuminuria of 
pregnancy the albumen rapidly disappears from the urine 
after delivery, whereas in the others the mere circumstance 
of delivery influences the albuminuria only in a secondary 
degree. The patient must be as carefully treated for diseased 
kidneys after the expulsion of the child as during its scgoum 
in the uterus. 

As regards puerperal convulsions in cases of albumi- 
nuria, as far as my own experience goes— and I have nothing 
else to guide me — they are far more frequently the reault of 

diseased kidneys than of ■' — ' — '- -" ' '- '" — -piancy. 

Convulaions, as we well li it preg- 

nancy, and we cannot be e when 

pregnancy ia superadded ; latter 

case the convulsive attacl time of 

delivery, or it may occi !;nancy. 

There can he no doubt th r cause, 

predisposes to epileptic c disease 

which impoverishes the i alnutri- 

tion of the nervous syste nerroua 

system is of all things t pjlepsy. 

In the second case cited v iverish- 

ing influence exerted up( and the 

absence of convulsions in it might probably be attributed to the 
circumstance that the blood had almost entirely regained its 
normal condition at the time of delivery. 



That epileptic convulsionH may occur in uneompUcateil 
albuminuria in tte predisposei I aee no reason to doubt ; and 
a well-marked case of this kind, which is briefly as follows, 
fell under my notice in ISol ; — 

A dark-complexioned womait, of moderate deyelopm.ent,whD 
had been for nine years a atrumpet, — she was then 2S — was 
admitted on April 33 into ono of the wards under the charge of 
Dr. Halliday Douglas. She had it dull, languid, and waxy ap- 
pearance. Her urine was albuminous, of a spetifie gravity of 
1008, and for several days after admiasion averaged 100 ounces 
per diem. She Eaid her illness began with dyspeptic symptoms 
eight months before, and that shortly aftecn'aida she bad a fit, 
which had since recurred about once in every three or four 
weeks. OnMay 1 1 — that is to say, thirteen days after her admis- 
sion — she had a St which lasted on hour, and from then until she 
died — seven days later — she had one, twO, or more every day. 
She died immediately after coming out of one. From the 
nth to the 18th she was in n state of stupor, and waa not 
easily roused ; but when awake she answered questions 
correctly. The urine fell from 100 to 50 ounces a-day during 
the last fortnight of her life. On post-mortem esamination, 
the kidneys were found enlarged ; one weighed six, the other 
live ounces ; they were in a state of waiy degeneration. The 
woman had had syphilis. The capsule came off with difficulty ; 
the texture of the organ was exceedingly firm, and of a pale 
colour. The separation between cortical and medullary sub- 
stance was ill-defined. In the pyramids were several opaque 
points, which yielded a puriform fluid on pressure. When 
examined with the mieroBcope, similar opaque points in the 
cortical substance were found to contain renal epithelium in 
all stages of degeneration, and numerous oleo-albuminoid 
granules. 

Supposing this woman had chanced to become pregnant a 
month before she took ill, she would haye been delivered just 



about tlie time tbs died, and her death would in that case 
hare been, mast probably atttibuted to puerperal coDvulsiona 
from albuminuria, whereas, as we here see, the piegnaxicj 
might in tealitj have had nothing at all to do with it. I do 
not wish it for a moment to be supposed that I ignore the in- 
fluenec of pregnancy, and more especially of the effects of 
delivery, in inducing convulsionB ba those otherwise predis- 
posed to Ihem. 

All I desire is, to uttec a strong protest against the oft- 
repeated statement that puerperal conTulsions are always the 
result of the albuminuria of pregnancy, while in reality they 
ate much more frequently the concomitants of true kidney 
diseaae, assisted by the effects of the puerperal conditiont the 
chief cauBO of the conyulsions being the retention in the cir- 
culation of the eKcrementilious urinary products. 

It is of vast importance to both nriothei and child to be able 
to diagnose these cases ; for while in the albuminuria of preg- 
nancy, unless the sjinptoms be severe, the case may almost be 
left to nature, in pregnancy, aasuciated with true kidney dis- 
ease, energetic treatment is demanded, even, as we have seen, 
to the induction of premature labour ; for even when the 
pregnancy docs not end in convoLsions it never fails to act 
prejudicially on the renal affection, 

I would even go further, and say that pregnancy, in many 
cases, is one of the esciting causes, not alone of albuminuria, 
but of true kidney disease ; just in the same way as cardiac 
and hepatic affections are — by keeping up renal caOgestion. 



IlEiHT, Liver, or PiNCEE*6. 
This is an exceedingly common class, and one demanding our 
most careful cansideration, as j udicious treatment can here do 
a great deal for the patient. The pathology of this class of 
cases ia very simple, mechanical obstruction inducing passive 
renal congestion. As the albuminuria usually first makes its 
appearance at a late period of the cardiac, hepatic, or pan- 
creatic disease, it often happens that the patient succumbs to 
the united effects of the double coraplication ere any ■well- 
marked anatomical alteration in the structure of the kidneys 
has had any time to occur. 'When such is the case, on post- 
mortem eiajninatioii the kidneys are merely found highly 
congested. Should death, however, not have proved imme- 
diate, there is usually some structural change met with in the 
renal organs, for, as we have already seen under a different 
heading, the continuance of renal hypericmia gradually, but 
surely, leads to chronic hj-pertrophy, which in its turn ulti- 
mately induces a true structural change in the renal tissue. 
In the class of cases now under consideration, the ana- 
tomical alterations met with in the kidneys, as well as the 
functional derangements to which these changes give rise, 
must be regarded as the secondary results of the diseased 
liver, heart, or pancreas, as the case may be. But there 
is also another set of coses where, although the double com- 
plication exists, the pathology is different. I allude to those 
where the union of the renal and the other affection ia, as it 
were, accidental. That is to say, each disease has originated 
independently of the other, certain causes having led to the 
renal affection on the one hand, certain other causes having 
induced the cardiac, hepatic, or pancreatic affection on the 



other. The double complication in the latter class of cases 
must he looked upon na a much maie serious matter than in 
the former. 

For the sake of illuBtrstion, let iis imagine the case of a 
patient, who, after having for ycEira been the subject of 
chronic kidney disease, becoroes suddenly attacked with 
endocarditis, ultimately leading to permanent yalTular ob- 
struction, the tendency of this being, as we know, to lead 
to hypertrophy of the heart. Here, then, is a case of a most 
graye character ; for in addition to the cardiac hj'pertrophy "we 
have the increased tension in the arterial system produced by 
the already existing kidney disease, also tending to the same 
result. The evil does not eren atop here ; for just as on the 
one side the kidney disease tends to increase the cardiac 
h;-pertrophj, soon the Other theTalvular obstruction lends its 
helping hand to increase and perpetuate the kidney disease. 

What holds good for cardiac affections holds equally good 
tor obstructions to the portal circulation induced by hepatic 
or pancreatic disease. All these morbid conditions act and 
react upon each other in such a manner as to render it exceed- 
ingly difficult to define how much of any giTen effect ia due 
to the one, how much to the other. Thus it often happens 
that a p ti t nh 1 b n 1 bouring under the combined 
effects f ardi d k dn disease suddenly becomes 

seriouslj w Th Ihn f the feet increases, the pulse 

beeom rap d and ur I the breathing short and quick, 
and with t tj 1 ur h urs after being in his usnal 
health h m t th j g t of death. On examining 
such aptit fll iimt probably find a foul tongue, 

a saUo mjl nl g d and engorged liver. Added 

to this b tard dt f 1 ng— half pneumonic, half 

hronchitie ; rales copious | sputa sanguineolent ; dulnesa 
irregular, the most distressing symptoms at the same time 
being the inability to take a full breath and the impossibility 
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tu proriiie sleep. No sooner does tl e poor patiPut lie dou i 
und Hliut his eyes than he aUrta up 111 a p»ro\>si 
of suffocation. Spvere aa these cases may he they are 
by no means always without hope 1 haie seen patients as 
bad, and ivorse than here described get omparati'vclj well — 
at least, 80 well that they have lived for 8e\eral nioiths a d 
been able to travel many miles. Perhaps this stateme t mil 
be better appreciated if I relate a (.aae of the kind and the 
one I purpose selecting is that of a well ki owi jubli her 
whom I attended with two other Medical men ^\ hen hrst 
seen, in conjunelioQ with Dr. \\ alshe and Mr Courtena* 
the patient's eaiidition was brieS} Bs fuUons Gmat difli 
culty of breathing ; respirations 33 ; feeble and irregular 
heart's action ; pulse 100 ; headache, sickness, and vomiting ; 
sputa pneumonic, red, rusty, and tenaeioua ; dulness over the 
lower pulmonary lobes on both sides of the chest ; loud 
mitral murmur ; (edema of the lower limbs ; scanty and 
highly albuminous urine, of a speeilic gravity of 1010. 
Coupled with these, there was an engorged liver and a sallou- 
skin. In fact, a more hopeless looking case could scar[.el> be 
imagined; for although the patient could not lie down to 
Bleep, he seemed gradually dritimg into a Htat« uf urnmic 
coma. His breath and perspiration had alreadi a unnous 
odour, and that coupled niCh the iira.mic pneumonia made 
one regard the case with anything but agreeabh tortbodings 
Strange to saj however und r verj aitue treatment directed 
to the akin, lungs liver and heart altemateU this patient 
ultimately re uvered and whs able to lea\e his bedroom 
within five weeks from th tin th t h as in th d t 
above described, and hm ry w k n h 

was able to take a fifty mil ra um p 

impunity. During th p d tr tn 

several timea assumed at b 

Walshe and Dr. Williams h w th p dunnghis 



illnegSi agreed with Mr. Courtenay and myself in thmkiag 

that houTB, not eren days, would h»ye limited his enlBtence. 

The iniluence of cardiac disease on renal affections is not 
yut all told, for it may load to other complications than 
those already described — such, for example, as embolism 
af the ludncy, of which the faUowing case, kindly furnished 
to me by Dr. Baumler, is a good illustration. It has the addi- 
tional advantage, too, of being one in which the pathological 
condition was correctly diagnosed during life : — 

K. K., aged 26, admitted into the German Hospital on 
October 3, 1S64, with well-marked mitral disease ; no dropsy ; 
rather difficult breathing ; crepitation at the base of the right 
lung. 

October l.^Urine scanty (about 700 c.c.]. with deposit of 
urates ; contained only a trace of albumen, a good deal of pig- 
ment, and a considerable amount of urea, so that on putting 
strongnitric acid to it, the urine Tery soon crystallised. 

5th, 6 p.m. — Sudden attaclt of severe pain in the right Bide 
below the twelfth rib, and in the right loin. Complete col- 
lapse ; extremities cold ; aUght cyanosL'! ; nopulse could be felt ; 
aieknesB and vomiting, diarrhoja. KaOied after the adminis- 
tration of stimulants. 

6th.— Pain and sickness continued. 

7th.— Diarrhiea stopped. A Kttle blood in the sputa. 

From the 7th to the 12th of October the prominent symp- 
toms were in the chest, the pain in the right side having 
then nearly subsided. 

12th. — Feels better; urine in quantity and appearance the 
same as on the 4th. A little more albumen. In the evening 
she was suddenly seized with vomiting, repeated purging, severe 
pain in the left hypochondrium, and collapse. 

13th. — Pain continued very severe. (Great relief from aub- 
eutaneoua injection of ^ gr. of morphia.) The pain was greatest 
juEt below the twelfth rib, and radiated to the left loin. 



16th.— No more diarrh<ea. Urine 600 c.c. 

16th. — ^Urine 1000 c.c, contnined more albumen than on the 
12th. The Geld of the microscope was coyered with tuhe-caats, 
transparent and grannlar, and blood corpuacles. 

22iid. — The same amoxuit of alhumen ; feltbetlet; Ofdema 
of the lega. 

23rd. — Chest eymptoms increased ; considerable effusion into 
the right cavity of the pleura. 

26th. — Leas urine, less albumen. 

27th. — Beginning jaundice. 

3lBt.— No albumen nor casta. 

November 2. — Urine about 1000 c.c, without deposit ; large 
amount of bile pigment ; »o albumen. 

nth.- A'o( a trace of albumen in the urine. Died on the 

The post-mortem examination showed a small fibrinous 
deposit in the right kidney in a state of shrinking ; the upper 
part of the left kidney entirely diseased ; one of the branches 
of the renal artery plugged up ; the plug was about one inch 
long. 



AmuHI>-UB(i THE KkSULT op GlNEBiL AFFECTIONS. 

This includes a large group afdiseases, which with advantage 
may be subdivided into the two varieties of febrile and non- 
febrile afTectiona. Among the diseases composing fhew 
groups may be mentioned — 

Ist. Small-pox, typhus, typhoid, scarlet, yellow, rheumtttict 
puerperal, and remittent fevers. 

2nd. Pneumonia, pleurisy, bronchitis, phthisis, peritonitis, 
gout, scurvy, erysipelas, purpura, and cholera. 

The urine in all these cases may be coagulable under three 
different conditions. In the first place, the kidneys may only 
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permit the serum of the Wood to escrpe ; in the second place, 
not alone may the unorganised serum (scape, but evea the 
organised blood corpuscles, theroby giving to the cose eome- 
what the appearance of acute Bright's disease, the urine being 
both coagulttble and smuky, or even red. Thirdly, and lastly, 
in the severer fonns of disease, especially in those aesuming 
a malignant type, the walls of the blood corpusclee are broken 
down, and their dborganised contents —hoimato-globulin — - 
escape, giving to the urine the colour and chemical Reactions, 
withoiit, however, the microscopical characters, of hematuria. 
Such a state of things is occasionally seen in putrid typhus, 
malignant scarlet fever, and severe purpura. I shall after- 
wards have to relate caaea, under the head of intermittent 
hEcmaCuria, which closely resemble these, in so far as the 
iirme contains disorganised blood constituents without blood 
corpuscles. 

As legariia the pathology of the albuminuria of general 
affections, all that need be said is that it ia essentially due to 
renal congestion, and that there is usually but little difficulty in 
diagnosing the case, from the circumstance of its coming and 
going with the other affection. It is true that active congestion 
may also supervene in the course of one or other of the fonofl of 
primary albuminuria, but even then we have it in our power 
to recognise its esistence by a peculiar form of renal tube- 
cast — the granular tube-cast. Granular casts were at one time 
thought to be characteristic of contracted kidney, but this I 
have long since proved to be an error. They may occur in 
cases of contracted kidney, as they may occur in any form of 
albuminuria ; but the cause of their presence is tben, as it is 
now, active congestion. 

Some idea of the appearances presented by granular tube- 
casts can be obtained from the accompanying illuatration. 
The casta may be large or small, quite full, or only partially 
filled viith granular matter, the size of the cast depends 



on the part of the tube in which it waa formed : the amount 
of granular matter it contains on the condition of the kidney. 




Quantities of escaped granular matter and epithelial cells may 
also be irregularly scattered over the field of the microscope. 

Before passing to the subject of treiitment, I wonld again 
call special attention to the tact that in every form of chronic 
kidney disease, the organ is liable— more liable than the healthy 
kidney — to occasional attacks of acute congestion or of inflam- 
mation, and that under such circumstances the appearances 
met with in the urine become modified and complicated 
ace d g F ta f mid mingled »ith blood cor- 

pus ea w asts m d p with pUH cells, granular casts 

aurr und d ■» h il g b es and so on, thereby throwing 
aim m rm n b dilh es in the path of the beginner. 
Car and b wcver, Boon clear the way 

and h h h pp n nfusion is but perfect order 
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Treatment. 



At no Tery distant date the treatment of kidney diseases 
ivas regarded as an almost hopeless task. As our knowledge 
of their pathology and our powers of djagnasia have, Iiow- 
ever, advanced, we have gradually gained confidence in the 
value of rcmcilies in such aifectioas, and we might aJinoat 
say that it ia in the power of the enlightened Practi- 
tioner not only to check the milder forms, but even to control 
and mitigate the symptoms arisijig from the severer renal 
affectiona. To be successful in treatment we must be correct 
in diagnosis, and taking for granted that the nature of the 
case has been thoroughly made out, the general principles 
upon which we are to found our treatment are as follows : — 
The first and great principle of all is to give rest to the dis- 
eased organ, for j ust as the function of the diseased eye is to 
be kept in abeyance while nature is removing the lesion, ao 
must the diseased kidneys have rest from their function in 
order that their healthy condition may be restored. IVo can- 
not, unfortunately, lay up the kidneys as we can a fractured 
limb, nor entirely arrest their function, as we can that of t, 
diseased eye. Nevertheless, we can reduce their labour to a 
minimum by making other organs for a time perform an 
essential part of their office. 

There are three channels by which we can draw off from 
the system the eicremeutitious materials which normally fall 
to the lot of the kidneys to eliminate — namely, the bowels, 
skin, and lungs. By keeping up an. eicesaive action in these, 
we can not only remove for a time a portion of the burden 
&om the ovei-taxed kidneys, but in those cases where dropsy 
has already become a distressing symptom give great relief to 
the patient. 

The value, indeed, of pressing into our sKvice the vicarious 
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action of the bowels, skin, and lungs in the treatment of 
renal disease it is scarcely possible to oyerrate, for we can not 
only by such means give rest to the kidneys and diminish 
dropsy, but even mitigate the more serious symptoms which 
are ordinarily included under the term ursemic intoxica- 
tion, (a) but which, more properly speaking, are the direct 
result of the combined effects of the retention in the circula- 
tion of all the excrementitious products, organic as well as 
inorganic, which normally fall to the lot of the kidneys to 
excrete. The skin and lungs are more powerful auxiliaries in 
the elimination of urinary products than is generally supposed, 
for, as we have shown in our first lecture, the cutaneous 
perspiration does not only carry off water, but many of the 
organic as well as inorganic urinary salts. Thus it has been 
found that the sweat even in health contains urea, uric acid, 
phosphates, and chlorides, while in disease, in addition to these, 
it contains many abnormal compounds, uch even as the 
insoluble oxalate of lime* Pulmonary exhalation, too, as 
was then shown, may be almost of equal service, for in the 
expired air of even healthy men have been detected urea, uric 
acid, urate of soda, and urate of ammonia, (b) 

The vicarious action of the bowels is to be induced by the 
internal administration of mild or drastic purgatives, accord- 
ing to the constitution and condition of the patient. When 
there is much dropsy, elaterium is a favourite form of pur- 
gative, but in ca86s of kidney disease it is usually advisable 

7 

(a) The symptoms of urceaiia have already been given under the head 
of Urea, p. 53. 

(b) "In the Deutsch. Arch. f. Klin. JHed.^ voL vii., parts 6 and 6, Dr. 
Doininger published the case of a boy five years of age, who suffered from 
anuiia renalis for a whole week, and on whose skin urea was discovered. 
Five cases of this kind have been recorded by JUrgensen and Leube ; but 
the issue was fatal in all, whereas Dr. Deininger's patient recovered. 
This vicaiious function of the skin is therefore proved, and should 
encourage us to use diaphoretics whenever the action of the kidneys is 
diminished, or altogether abolished."— Xaneet, 17th Dea, 1870. 
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to ftd minister it along with hjoicyanauB, bb it not unfrequently 
brings on &n exhausting diarrhma, especially if given after the 
Bjinptoms of nricmic poiaoniog have already eet in. 

The viuu-iouB action of the akin tnay be induced pithei by 
the internal adminiatiBtion of diaphoretics or the external 
use of the warm bath, vapour-bath, or hot-air bath. The 
tno latter not o[ily increase the cutaneous, but also augment 
the pulmonary elimination of urinary products. This is 
eBpecially the ease with the hot-air bsth. 

One of the easiest of these in application is " Allen's port- 
able Turkish bath." It can be used by a patient lying in bed, 
as here represented, (Fig. 7), or vih at is btill e 



!. 7. 







(when the patient is strung enough), while in a sitting poeition. 
Thus, for example, the bath is put (with its dispeiaer on) 
under a kitchen chair or stool, on which should be placed two 
or three folds of flannel. The whole person, except the head, 
ia then packed in a blanket, having the ends well on the 
ground to prevent escape of heal. The feet being placed 
ou a footstool, with a pan of hot water or not, according to 
inclination, and the bath may be taken in this way from fifteen 
to forty minutes. After which, deaj the skin with soap ajid 
warm water, then sponge with cold water, and rub dry 
bfiskly with rough lowela. The towtls can be warmed ready 
for 11BP( by placing them on the back of the chiur while tt^q 
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bath is being taken. Eyen the calomel vapour bath may 
occasional!}' be used with advantage, in csaea of albuminuria 
Bupposed to hare a syphilitic origin. Bui before resorting to 
this lino of treatment, one must be perfectly sure that the 
diagnosis is correct, for the strength of patients with albumen 
in their urine cannot be lowered with impunity. It is much 
easier to take away than to give strength to them. 

I may here remark that the usual practice of tiying to 
diminish rather than toincresse the urinous odour of the sweat 
and breath in cases of advanced kidney disease is greatly to 
be reprehended ; for instead of trying to check, we ought, on 
the contrary, to assist Nature in her laudable efforts to rid the 
circulation of the deleterious agents that are gradually 
extinguishing the life of the patient, 

Regarding the action of diaphoretics, which, as is well 
known, are exceedingly useful in chronic kidney disease, a 
word or two may he added. The moat conimon form is Dover's 
powder, and from this containing opium, some have even 
ventured to administer that drug in combination with oLher 
substances than ipecacuanha. I must here, however, call 
attention to the fact that, although Dover's powder may be 
given with impunity, opium can seldom be employed in kidney 
affections in any other form without a certain amount of risk. 
More than one example of its deleterious effects in such cases 
has come under my notice, and in 1361(a) a fatal case 
actually occurred in one of our London hospitals, where a 
man, aged 4S, labouring under kidney disease, died after 
having taken only one grain of the acetate of morphia. 

In cases where there is a tendency to convulsions, even 
Dover's powder must be cautiously used. The cases best 
luited for the administration of Dover's powder are those of 
renal disease compUcated with dropsy. Ten grains given at 
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bed lime will often be found to relieve Ihe palient, nut only 
bf incieasing the perspiration, but also by augmenting the 
How of urine.(B) 

The object of giving diaphoretics in chronic kidney disease 
in, of couree, to keep up cutaneous pergpiriLtioii. For a 
Birailar reason, patients ought always to weu warm cloth- 
ing ; and this rule ought never to be departed from, even in 
caacB where the palitnt is comparatively wet!, bo well that 
complete recovery may be said to have taken place. In the 
latter class of case?, indeed, e»ery precaution sgainBt the 
eSccta oF cold ought to be had recoutee to, for a patient who 
has once had an attaik of kidney disease is ever afterwards 
much more liable to another attsck. than one who hua aevet 
been ao affected. 

As regarila the employment of diurelies in the treatment ot 
kidney disease, a few words are here necessary. In. the first 
place, it ought never to be forgotten that in acute Bright's 
disease, as well as in the first stage of all inSammatory and 
congestive attacks occurring in the course of chronic kidney 
affections, diuretics are iiiadmisailile. In the second place, it 
must be borne in mind that great care should always be 
observed in their selection ; for a diuretic which will prova 
beneficial in one form and at one particular stage of renal 
disease will often not only do no goad, but actual harm, when 
administered in another form or at another stage of the eaaiB 
attack. Thus, whenever the albuminuria is the result of 
active congestion, the aniiphlugiatic variety of diuretic— a ach 
for example, as a combination of bitarlrale, acetate, or nitrate 
of potash and digitalis — is to be selected i whereas in the 
absence of active congestion, and. more especially when the 
vital powers of the patient are law, the stimulating variety of 
diuredc may not only be used with impunity, but with actual 
advantage j such, tor example, as squills, buchu, uva urai, 

WeomejudleiouBremarki on tbia subject will be found 
/■j-tM of June 6tli, 15T0, Ly Dr. Macdonald. 
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helladonnH, eaccus scopaiii. epiiitus juniperi, or spirituj 
lEChetia iiitrosi. The reason why the employment of diuretica 
often does harm in aoute kidney affections is readily uiider- 
Btood when we recollect that they haTe always tie tendency 
rather to increase than diminish the How of blood to the 
already engorged organ. 

It ought never to be forgotten that the most potent diuretics 
often fail to produce diureaia until vicniious action of the 
bowels or shin has been eatabliatied ; whereas, after a aniart 
purge or a profuse perspiration, a comparatively small dose of 
a diuretic, even a draught of cold water or a cup of weak tea, 
will induce an increased flow of urine. 

In the next place, the employment of antiphlogjatica is in 
many of the inflammatory forma af kidney discaae of essentia, 
service. The mo^t powerful of theae la, of course, the local 
abstraction of blood, either by leeches or the Cupping-glasses. 
But even general depletion by the lancet may, in some acute 
cases, be had recouiae to. This rematk is eptcially applicable 
to puerperal albuminuria, accompanied with convuUiona. 

In former daya, indeed, bleeding was regarded as the 
sheet-anchor in puerperal convulsiuna. It is only within the 
last twentj-hve years that the use of the lancet has died out ; 
in this, aa in most other affections, I might have said 
unfortuaately died out. for I believe that venesection may 
Bomeliinea be had recourse to with great advantage. 

In 1B5D, while house surgeon to the Royal Maternity 
Hospital, Edinburgh, I had the upportuniiy on more than one 
occasion of witnessing the beneflt of free depletion, and 
although I cannot venture to go bo far as Professor Dyce, of 
Aberdeen,{B) who recommended the ff arless use of the lancet, 
and other lowtrring remedies in this alarming diaeaae, n<i 
matter what be the constitution of the patient, the duration of 
the pregnancy, or the slaije of l-he labour, I think a return 
(u) See tbu Brkiit Msl. Journal oC ISth ^i''lL, isii j. 



to tlie use of the lani^GC, in those cases nbeietbe conTulaioiu 
»re flppareiitl J due to the engocgemeiit al the cerebral Teasels, 
highly deaiiable. Its indiscrimmite use, howei^r, I canoot 
but regard ss highly unphiloeophical with our presenC know- 
ledge of the patholog; of convulsions, (n) Juat aa in luanj 
ca^ea of induued lung the general coudition of the patieut 
pTevenla the employment of active means, so also in the case 
of the inflioied kidney we must occasionally abandon the 
antiphlogistic line of treatment, and content ourselves by 
merely dJTening for a time the course of the circulation, 
either by the application of dry-cupping glasses, countei- 
iriitation, or of hut fomentations to the loins. 

I ought not to omit to mention ibat the unloading of the 
portal circulation by a smart calomel purge will oftOD prove 
an important adjjinct to such measures. 

1, PcERrERiL Al/ 
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When in the course of puerperal albuminuria convntsioiks 
have once manifested themaelvcs, one of the readiest and 
perhaps the safest means of subduing them. appears. to he by 
the free adminialration of an anffiathelic. Chloroform. has been 
most eoramonly employed for this purpose, but as insensibility 
has usually to be kept up far a considerable lime, it is much 
safer to employ the misture which I proposed some yeafB 
ago, and which received the approval of the Chloroform 
Committee of the HoyalMedical-Chirurgical Society. (b)- The 
mixture consiatB ot one part by measure of pure alcohol, two 
parts of chloroform, and three parts of sulphuric ether. A. 
ready way of remembering the compoaition of my mixture is 
rhyming the first letter of each of Ihe ingredients, Alcohol, 
Chloroform, Ether, with their quantities employed. Thiitit 
thymes r 

A. C. E. = l 5 3. 



TREATMENT BY ANJESTHETIOS. 330 

I have no hesitation in saying that this mixture forms the 
safest and most agreeable anaesthetic hitherto proposed. If 
medical men were moie intimately acquainted with the 
powerful chemical changes which chloroform exerts on the 
constituents of the blood, even when taken into the system by 
the lungs, they would probably employ it with more reserve 
than they do at present. (a) 

The advantages of the alcohol,, chloroform, and ether 
mixture need not be here further alluded to, as they were 
fully dwelt upon in the report of the before-mentioned 
committee. All I shall say is, that it has special advantages 
in cases of puerperal convulsions, in which a state of 
anaesthesia requires to- be kept up for son^e hours. 

Hydrate of chloral has been given by Mr. Campbell, of 
Dundee, in a case of puerperal conyulsions, with such apparent 
good effect, that I should recommend a further trial of it. The 
case (b) was that of a primipara, aged 28, who was seized 
with convulsions as soon as the labour pains made their 
appearance. The convulsions recurred every half-hour, at 
the commencement of each labour pain, and left the patient 
perfectly unconscious during the intervals. 

The patient looked rather ex- sanguine, with pulse weak 
and irregular, face, hands, and legs cedematous, and urine 
slightly albuminous. 

Five hours after the conyulsions began, and while they were 
still occurring at the same regular intervals,, furty grains of 
hydrate of chloral were given without any return of the 
convulsions. Fains increased both in strength and frequency, 
and she remained insensible and quiet,, only being slightly 
roused by the pains. Three hours later, while still asleep, 

(a) Vide Author's paper on " Physical and Chemical Agents upon Blood 
with special reference to the Mutual Action of Blood and the Respiratory 
Gases." Phil. Trans., 1865, p. 713. Also in the Proc. of Boy. Soc, 18C4, 
p. 159. 

(b) Lancet, 80th July, 1870. 



340 iLB L'MINURIi, 

she ivaa deli»eretl of a dead child, and in three hours atlet 
delivery she was agaia seized with convulaiona, which 
recuired, during six hours, with more or leas aeieiity every 
fifteen minutes, until thirty grains more of chloral were 
adminiBtered, whi*n she again fell aslsep, and woka next day, 
after a good night, without any further attack; both theffidema 
and albumen at the same time disappearing. 

Tincture of iodine in albuminuria may by some be 
considered a novelty ; but, neveriheUas, it la a most successful 
remedy in caaea of cerebral albuminuria, especially in those 
where the lesion or diaeaae of the brain ia not far advanced. 
In Huch, for example, as cerebral congestion arising from 
overwork, or exceasive exposure to the sun, S:c., I generally 
give two or three minims of the tincture along with ten of 
the aromatic spirita of ammonia; in the course of three weeks 
or BO there ia usually a marked diminution in ths quantity of 
the albumen. A good illustration of this kind of treatment 
has recently been afforded me, in the person of one of our 
own profession. The gentleman, a provincial hospital surgeon, 
first consulted me in May, 1870. The urine was then of low 
specific gravity and loaded with albumen, which he attributed 
to gout; but which, on cloaely examining hb symplonaB, I 
suspected had, aa well as the gout, a cerebral origin. 
Accordingly I put him on the tincture of iodine treatment, 
and saw no mote o( him till the month of July, when he 
returned, saying he was naw also of my opinion, for within 
a fortnight from his first visit the albumen had begun 
gradually to disappear, and by a month had entirely yaniahed. 
At tlie same time, he said, he noticed that excitement, worry, 
or fatigue caused the albumen to reappear. 

Iodine in combination wilh potassium has often been used 

with advantage in the treatment of kidney affections, Bnd 

enme have thought very large doses necessary, (a) M. Crocq, 

in) Crocti, Laacel, Seplonibor 7th, ISfl7. 



of Brussels, in the ptirenchymalous form of albuminous 
nephritis, commencea wilh two or three grammts A day, 
increasing th^ diise b; proportions of one gramme every 
two or three days, until lie reaches the dose of ten or fifteen, 
and even twenty grammes. It is not always necessary to 
reach these high doses. Tolerance is easily obtained. He 
has neTer. he siys, observed any inoonyenience result from 
the administration of this remedy. 

Astringent salts, in chronic albuminuria, as well as astrin- 
gent acid tonics, are often of great service, especially in getting 
Tid of llie last traces of albumEn after an attack of acute 
disease. Just as gonorrhuia. often ends in a gleet, so it 
happens that the kidneys, after having for a long time been 
the seat of Bright's disease, continue to pour out small 
quantities of albumen long after all conslitulionsl symptoms 
have dLsappeired. In auch cases, sulphate of zinc, sesqui- 
ehloride of iron, gallic acid, tannic acid, and the mineral 
acids have frequently a very salutaty effect in checking the 
remnants of the albuminuiia. 

This action of the aciiis, at least, seems already to have 
found a physiological eiplanalion, for Heynsius, while study- 
ing the dilfusihility of albumen, (u) discovered that the 
exosmose of an albuminous la a SBline solution is retard-d 
by acidity, and accelerated by alkalinity ; and, if such be the 
case out of the body, there can be little doubt, I think, that a 
similar, though perhaps a roodiSed, effe=t follows the exuda- 
tion of albumen from alkaline blood into acid urine. 

True, doubts upon the value of iron in the treatment of 
renal disease have been thrown by Dr. Hussall, (b) finding 
that he obtained no ferruginous reaction from urine of 
patients to whom he had administered the remedy. 

So long ago as 186J, while working in the laboratory of 
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Professors Wurlz and Verdeil, at Parif, I diBCOrered that iron 
ia a noTmal consiituant of human urinp, and published the 
fact in the PAarmaciulicai Journal for November of that year 
in a paper entitled " Researchea on the Colouring Principle 
of Utine, and the Existence of Iron, in that Liquid." In a 
reriew of this papei in " Canstatl," 18S3, Scherer denied the 
tFuth of the asBertion that iron always existed as a normal con- 
stituent of human urine. Such a coctradiction coming from a 
man of Professor Seherei'g position, unjustly casling, as it did, 
H doubt either upon my powers of observation or yeraciiy, so 
deeply wounded mc that I at once started for Wiiizburg, and 
entered myself aa a student in Scherer's own laboratory, 
determined to prove to him not only the existence of iron in 
healthy hunian urine, but even in the very "extraoiive colour- 
ing matter," which he himself had written so much about. 
This, 1 am happy to say, 1 did equally to hia and my o^rn 
satisfaction, as was shown in a paper which I read in 
the following spring before the WuTzburg Medical and 
Physical Society, and published in its Transactions. (a) While 
working with Scherer I pushed the discovery a step farther, 
and found that iron actually exists normally in the liquid 
urine of all animals. After the salts of iron have been for a 
time administered medicinally, ihe quantity is increased in 
I the urine ; and Dr. Hassall's inability to detect it arises, no 
; doubt, from his testing the urine directly, instead of firct 
evaporating and incinerating the residue, before applying the 
< tests for the metal ; icon, like most other metallic substances, 
being quite undetectable when mised wiih organic matter, 
nnless present in an immense quantity. 

As diet invariably plays an important part in all treatment, 
I must here call attention to the influence of foods on 
albuminuria, as previously pointed out Ih the physiological 
(»1 "Ueber Urobse matin," kc " Verhand dar Pliys. Med. Geaellacbafl 



part of our subject (p. 289). From what was then sfiid, it 
will be tea lily uoderatooJ why patLcntB labouring under 
kidney dieeaae should receive the lightest and most digestible 
kinds of dit^t Moreover, their meals should be frequent and 
amall rather than seldom and abundant. 

The valuable researchea of Profi-saor Parkes (a) on the in- 
fluence of food on the quantity of albumen eliminated by thi> 
kidneys, form the grounds for this latier recomcoendation. 
Dr. Parkea found Chat more albunnen is eliminated after than 
before a meal, and that fasting not only invariably iliminishea 
the quantity of albumen eicreted, but even in some eases 
may cause it entirely to disappear from the urine — a fact 
which should make us avoid giving the p.itient more food 
Ihan the wants of the system actually demand. The kind of 
food ought also to be regulated, in aome measure, according 
to the form of kidney affection. Thus, while in cases of fatty 
lenal degeneration, oleaginous diets are to be avoided, in the 
amyloid variety of the disease theae samo foods may be given, 
if not with advantage, at least with impunity. The general 
constitution andcondiCianortLepa.tientmust, however, alnay^ 
be tnken into consideration, and the diet selected according 
to the special requirements of the caae. 

As lan he readily imagined pure albumen is an important 
adjunct to other treatment, for in order to keep the patient 
from losing strength by the constant drain of albumen firom 
the blood, it ia absolutely necessary that this substance be 
restored to the circulation through the medium of the food. 
In cases where the digestion is so weak that strongly 
albuminous foods, like beef-steaks, chops, and eggs, in the 
usual totm are rebelled against, I simply give the white of 
fresh eggs, either raw or semi-cooked, by beating it up in 
hot water, beef-lea, milk or wine. I have not as yet met with 

(aj iled, rirsu aiuf Och., lG51,p. 309. 
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K tingle cB*e where the white ot eggs has upset the digestive 
nrgans, allhough I have giTEn the white of as many bs six, 
eight, or eTen twelve eggs in the twenly-four hours. Where 
the patient tired of this albuminous fold in one form, it was 
given in anoiher, as ahoTe indicated, varying it as cireum- 
etance* requited. 

Milk is Dnolher important agent in treatment. I do not 
now allude to skim milk, for of that I shall speak pre»<;ntly, 
but of good, fresh, wholesome milk. In ihe treatment of 
children it is indispensable, and even in the albuminuria of 
adults ia of great B^rviee. It, like the egg, is Nature's own 
preparation of food. The milk may be given alone or made 
up into puddings, aueh as sago, tapioca, ricei macaroni, and 
BUthlike ; or in the more simple form of bread and milk, a 
sufficiency of tugar bting added to render it palatable. It ia 
necessary here to call attention to the fact that some stomachs 
rebel against cow's niilk, and in these casta befurc abandoning 
milk diet it may be as well to try the effects of the milk of 
different kinds of animals, such aa the ass, the mare, the 
goat, as these, especially in infants, nre tolerated when it is 
found that woman's or cow's milk will not remain on the 
stomach. This obeervalioD has been specially suggested by 
the perusal of a fatal case of albuiriinutia in a child seven 
weeks old. recorded by <a) Mr. G. F. Helm, of Rugby, in 
which the affection (as that gentleman remarks) appeared to 
arise from the mal- assimilation of the albuminous elements of 
the food employed. This will be readily understood if we 
lemember what was said at page 312, on Ihe effect of 
imperfect digestion on the production of teTnparary albu- 

Skim Milk in Alhuminaria.— In 1869, Dr, Donkin (b) pro. 



poEtd ihe plan of treating caaee of Bright'a disease, as well 
aa diabetes, by a. purely skim tnllk diet. The amount 
lecommended tu be taken being six or seven pints daily, 
elightly warnied. He saya it does not, however, do to begin 
with tills quantity. Two pints Eire EulEclent at fiii^t, for 
either in cunaequence of Borae peculiar iditiayncrasy, or 
condilion of tht! digestive system, a larger quantity may 
produce Bii;kneaa and diarihcea. 

Even later on, it la generally neceseary to add something to 
the milk to overeome the distaste which patients complain of 
after a prolonged use of skim milk. 

In the beginning of 1870, I found that a medical man at 
Smyrna had advised a gentleman, about whom I was 
consulted, to eat a raw onion along with the milk, and this 
had the desired effect of overcoming hia dialike to the milk 
diet. 

Notwithstanding my great partislity for milk diet in the 
treatment of disease, I do not at all agree with those gentle- 
men who 8uppO!;e skim milk tu be a speiitic in any one form 
of Bright'a disease, diabetes (a) or disease of the supra-renal 
capsules. 

The skim milk recommended n.o doubt is an important 

stimulating diet; one, too, containing a protein aubsiance 
caSFin, closely allied to the prolein substance albumen, 
which is being drained off from the blood by the kidneys, 
and whose place must in some way or other be supplied in 
order to prevent the patient dying from exhaustion. The 
question, however, is. Is skioi milk the b«sl meana of fulfilling 
our object f 

In my opinion it has iu advanlagei and disadrantages. 

The former are, its being a non- stimulating, easily assimi- 



lated food ; Che latter aie its liquid farm, and the great bulk 
necesBary to be taken in order to obtain the requisite a,mou.nt 
of Bulid mateiiat. I was once aerioUB]; asked b; a batrister 
whu wna suSerinf; fiom albuminuiia if strawberries and cream 
were not a cure for Brigbt's disease ; and on inquiring, was 
told that one of hia friends bad been " cured by eating them." 
My reply was " certainly an admirable une, for il furnished 
the patient with a nourishing, no n- stimulating diet, and 
allowed the healing powers of nature and other remedial 
agents time to do their work." I fear I look upon skim 
milk much in the same light as I did the strawberries and 
creiim — an important adjunct to treatment, nothing more. 

Before leaving the question of treatment, aa a sequel to the 
general principles just enunciated, I may add a few words 
regarding the especial treatment of certain of the more 
common forms of albuminuria. 

lat. la Acute Bright's Disease cupping, dry-cupping, 
leecbing, or fomenting the loins ought immediately to be bad 
recourse to, according to the urgency of the symptoms and 
the constitution of the patient. In the beginning, diureli< a 
must be scrupulously avoided, and even in the second stage 
only those of the antiphlogistic variety are admissible. The 
bowels are to be made to act freely ; the action of the skin 
and longs increased. The quickest, and in many oases the 
safest, way of duing this ia by using the hot-ait bath aa 
described at page 331; and it is astonishing how tjpidly 
beneQclal its employment may sometiines be. On one 
occasion I was very forcibly struck with this, in the case 
of a little child, who speedily recovered, after being almost 
moribund from the united effects of dropsii:al effusion and 
urffimio intoxication. The case was one that I saw along 
with Mr. Brown, of Finsbutj- circus, and, if I remember 
rightly, the age of the child was not more than fifteen 
eighteen months. 
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2nd. In Fatty Kidney, in aidition to the means already 
indicated, great atteiitioQ must be paid to the improyement of 
the general health, far in the mujotity of these oanes the 
affection is raore frequently due to conBtitutional peculiarity 
than to an accidental cause. Frest air and regular exercise 
within the margin of fatigue, together with light, non- 
oleaginous foods, are to be preecribed. Change of air and 
hot salt-water baths ought, in the eaily etagea of the affection, 
alike to be had recourae to. When toniea are given they 
should be of the astringent and acid kind, eiteept when 
counter- in dilated by any conBtitutional peculinrily. 

Sid. In the Amyloid Tariety of Renal Degeneration, which, 
aa already shown, is frequently ihe result of a syphilitic 
taint, the judicious employment of the bichloride of mercury 
is often of much use ; but care must be taken to slop as soon 
aa the mercurial ftetor of the breath becomes distinct, and 
before the gums are affected, for such patients do not readily 
tolerate the reducing action of mercury. The calomtl vapour 
bath is likewise sometimes very useful. It will be often 
necessary to combine wilh this treatment the administration 
□f port wine and light nuttitioua foods. 

Itb. Atrophied Kidney must he treated upon the general 
principles already enunciated, and, of course, it is une of the 
most suitable of all renal affections for increasing the action 
of the skin and lungs. Milk diet is here of the utmost 
value, and so also the pure albumen treatment described at 
page 343. 

In it, as well as in all cases of conSrmed Blhuminuria, we 
may occasionally be enabled to prolong the life of our patient 
from the free action of the skin being periodically induced by 
the Turkish bath, and when ttat cannot be obtained the 
hot vapour bath may often he Aubstituled with advantage, 
care being always taken to employ the bath periedicalty and 
at short intervals ; for then alone can we expect advan- 
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tfigeoualy to malte the akin 710811011815 perform the function 
of the renal orgjnn. 

In the laller stages of atrophied kidney, as well ss in the 
fatty and waxy torma of kidney dlBease, the symptoms of 

nistering Bmall doses of tartar emetic. Indeed, Dr. Lang, of 
Kiinigaberg, recommends the use oF tartariged antimony in 
the uncmia that follows acute eianthematous diseases, (a) 
My own eiperienoe leads me to prefer efferveacing saline 
miKtures. Small doses of Liquor StrjchoiBe and Vini 
Ipecacuanha; are frequently of much aertiee. 

fith. Kegarding Puerperal Albuminuria, sufficient has 
already been aaid at page 338 to serve as a guide to its treat- 
ment. All that need here he added is, that premature labour 
ought only to be had recourse to in those forms where the preg- 
nancy is asa'iciated with true kidney disease, or where there is 
reason to anticipate the occurrence of convulsions either at or 
before the lime of delivery. Premaiure lahour may also 
successfully be had recourse to in the earlier months of 
pregnancy, when the health of the mother is rendered 
precarious hy the eonatitulional disturhancea arising from 
the albuminuria. 

Thus, Dr. Lee related a case to thi; Medical- Oiirurgical 
Society in 1863, in which he had induced the expulsion of a 
fourth months' fcetua in a pregnancy complicated with 
albuminous urine, dropsy, and amaurosis, after which, the 
albumen gradually disappeared, and the vision of the patient 
improved. 

When in the course of puerperal albuminuria conTulsiona 
have once manifested themselven, the readiest and safest 
means of subduing them appears to be by the free administra- 
tion of an antcslhetic, as pointed out at page 339. 



i 



DaoP=T. 349 

6tti. As iesa,rcls Albuminuriik aasaciated with Organic 
Disease of the Heart, Livei, oc Pancrei?. aa well as in that 
variety the coticumitaTiC of general affections, the piinciplea 
already indicntei miiat serve as the landmarks to the treat- 
ment of the renal disturbance ; whereas the other disease or 
diseases fonnitig the complicntion are to be treated according 
to their ppecial requirements; always remenibermg that the 
removal of the cause, rather than tho mitigation of its effects, 
ought to be the first oonsidetalion. 

7th. Albuminuria with Dropsy. In adcli^on to the general 
principles previously enunciated, it tmay be as well to remark 
that when the dnipay becomea, as it frequently doea, one of 
the moat distressing sympto nis to the patient, as well as the 
most baffling to the skill of the medical attendant, totally 
defying the action of elateiium, jalap, and other remedies. 

Immenae benefits often follow the mechanical removal of 
the fiuid from Che o^Jemataus limbs by acupuncture. &[any 
pracUtioners chject to the employment of acupuncture in 
dropsical patients, on the grounds that ila beneficial effects 
are only transitory, and because some sloughing occasionally 
follows at the seat of the wounda. My experience, 
which has now been pretty extensive, leads me to the 
very opposite concluaion. In the first place I have never 
seen sloughing follow the use of the needle ; whereas, 
on the other hand, I have wimesaed very extensive sloughing 
in dropsical patients where no such remedial means have 
been had tecaurae to. The very worst example of this kind 
was in the case of a lady, whom I saw in consultation along 
with Mi. Marshall, of Bedford- square, where over both the 
lower limbs were ugly blade sloughs varying in size from a 
shilling to that of the palm of the hand, which a timely use of 
the needle would, in. my opinion, (a) have probably prevented. 

(a) I (imfer the tubular steil noadia to anjthiiiB ebo. 
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Again, BO far from the benefit of ecupunclure being only 
traiiBilory, 1 have known, when properly done, ita beneBcial 
effects kept up, not only for days, but for nreeks. Ab a good 
eiample of the value of artiapial draiiiing in cases of oatdiac 
albiuuinuiia with extensive anasarca, I eannot do belter than 
allude to a case I several times saw in consultation with 
Dr. J. M. Ramsbolham. From his ably written report is 
taken the following f slract, which is all the more valuable as 
a contribution to the question of treatment by acupuncture, 
from the fact of the writer being totally unaware of the point 
which the report was intended to illustrate. Consequently 
Dr. Ramsbotham has given no special prorainenoe to the 
question at issue, but simply related inter alia the effects of 
the arliSoial drainage by acupuncture. 

The patient, a genileman aged 37, sufforing from milral 
disease with hypettrophyand dilatation of right ventricle, was 
first seen by us in January, 186». In Februuy the urine 
was ascertained to be of a s. g. of 1015, and loaded with 
albumen. Under trenlment the albumen diminished and the 
patient gradually improved, until, contrary to medical advioe, 
he went on a vixit to Hastings. Here I take up Dr. Rbiub- 
bolham'e own report, and give it verbatim : — 

" In the beginning of June, 186Q, nfttr a visit to Hastings 
without sanction, matters assumed a very serious aspect, all 
the symptoms being greatly aggravated, orthopnfca very 
disiteBsing, the only mode of getting even a short nap was 
by resting the forehead on a pillow, fixed against the bad- 
post, secretion of urine diminished, with increased amount 
of albumen, anasarcous condition of tiie whole body, facet 
arms, chesti abdomen, the penia and Bcrolum enormously 
distended, thighs and legs more than twice the natural size, 
brown tongue, rambling, and threatening urfemia ; indeed, 
the condition was euch as to warrant the opinion that he 
would not lite forty-eight hours. The treatment conBisied of 
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enclosing the legs in n hot-nir bath, after puncturing them 
freely ; the adoimiBtratiun of Tlnct. Digitalis and Stills in 
Decoct, bcopani The amount of fluid discharged from the 

threatened to slough, but the gnod effect of the drainage 
was verf decided , the swelling in different pnrts of the body 
began to subside and gradually recotered the normal size, 
with the exception of the thighs and lege, which always 
remained,, notwithstanding a moderate amount of CQns'ant 
drainage. B-y the 11th of July he had so far recovered as to 
be able to call upon Dr. George Harley, and continued so to im- 
prove up to the middle of August, that is to say, there was leas 
dyapncea and embarrassment of heart's action, leaa albumen, 
but the urine never free from it ; the legs continued still much 
enlarged, with great thickening of the integuments, but still 
discharging freely and ennstantly. At the end of August he 
had a relapse without any apparent cause, aggraTation of all 
the symptoms, but not to the alarming extent of the attack in 
June — this attack also Bubsiiltd a» before, and under much the 
same treatment. He waa seen again by Dr. George Harley 
ahout the end of November, and continued much in the same 
condition tiU the end of January, 1870, at which time there 
appeared to be a great improvement or rather abeyance, ihat is 
to aay, Uss dyspnua and cardiac symptoms, more sleep, better 
appetite, more action of skin and kidneys, hut the urine still 
contained a large amount of albumen, the thighs am! legs 
continued very much enlarged, but discharging freely; and 
he wafl enabled occasionally Co leave hia bed-room and gel 
down-atairs, but as there was some diffioully in re-mounling, 
this luxury waa not often indulged in. 

" Ur. F. continued much in the same condition, with but 
little Tari.ttion, till the middle of May, when jl was his 
opinion that he ahould never get belter unless he went out 
of dooiB (notwithstanding all the plain speaking he till 




352 

then clung to Lhe idea that he should get bet(er) ; Ihia he 
accordingly did, having a driie ia a caniage. but this not 
being eullicient to sacisry him, he d<?tcrmined to call at his 
father's houee in the same street, four doors from his own, 
discharging the carriage, further determining to waUc home. 
This feat was accomplished, but with great difficulty, followed 
by increaecd dyapntca, and great aggravation of all his 
Bymploms. On the 24th Ma; he had suppression of the urine, 
and the drain from the legs ceaaed ; he became vrKmic, and 
died on the '28th of the same mOQlh 

This case requires no comment from me. It speaka for 
itself, seeing that the artificial drum frnm the legs was 
beneficially kept up from the beginnirg of June, 1869, until 
the end of May, 1870, a few days leas than a year. 

T am glad to find Dr. Handheld Jones, in a communication 
made to the Clinical Sutiely, lOth February, 1871, advocating 
this line of treatment. He treated a case ot anasarca by making 
a slnglG puncture in the calves of both legs with a fine trocar, 
and, after withdrawing the stileLte, left the canula open for 
several hours, to allow the fluid to drain away. In this 
manner he succeeded in the first operation in drawing off 
sisty measured ounces of fluid from the right leg, but only 
ten from the left, in consequence, he supposed, of the canula 
not lying propirly in the suhcutantous cellular tissue. In a 
second operation on the same man, three days afterwards. Dr. 
Handfield Jones drew off I2D ounces of fluid, besides a great 
deal which ran from the punctures for several days afterwards, 
sufficient to saturate three blankets. For the performance of 
the operation, the man was placed in a sitting posture, and 
this he considered important, aa it facilitated the draining 
away of the fluid, (a) In the course of the discussion which 
followed the reading of the paper, Di. Hilton Fagge judiciouBly 
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remarked that the surrounding skin should be thovoughly 
greased, so as to avoid all contact between it and the 
discharge. 

A great deal more might be written regarding Albuminuria ; 
but I think that enough has been said for my present purpose, 
which has been merely to point out the general principles 
which ought to guide our diagnosis and treatment. 

Every one must feel convinced that the employment of the 
microscope is as indispensable to treatment as to diagnosis. 
Thus, Aitken says : — 

'* Without the microscopic examination of the urine from 
day to day it is impossible to distinguish between a case likely 
to improve under treatment; and one which may be viewed as 
hopeless, and without the daily use of the microscope the 
treatment becomes at the best but merely guess-work." (a) 

It must be borne in mind, too, that as one swallow does not 
make a summer, neither does one tube- cast in kidney disease 
at uny time suffice to establish an exact diagnosis. This can 
be easily understood when it is recollected that the deposits 
in the urine are but the representatives and results of the 
morbid change occurring in the renal tissue at the moment of 
their detachment ; and as disease is never stationary, it is only 
by comparing the character of the lenal debris of one period 
with that of another that we are enabled to establish the 
exact character of the affection, and discover whether it is 
marching on to a fatal termination or gradually retrograding 
to a point within the boundaries of healthy action. 

(a) Aitken's "Science and Practice of Medicine." 2nd ed., vol. ii. p. 824. 
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